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REMARKS 

Claims 1-3, 5-22, 25, 26, 29, 30 and 33-34 are pending in this application. 

Claims 1 1 and 19 have been allowed without the necessity of amendment. 
Claims 25, 29 and 33 have been conditionally allowed if rewritten in independent 
form to include all of the limitations of their respective base claims 1,13 and 20. The 
Examiner's indication of allowability of these claims is noted with appreciation. For 
purposes of expedition, claims 25, 29 and 33 have been rewritten as independent 
claims to include substantially all of the limitations of their respective base claims 1 , 
13 and 20. As amended, claims 25, 29 and 33 are believed to be in condition for 
allowance. As for the remaining claims, forbearance is respectfully requested 
pending Applicants' traversal of the outstanding rejection of parent claims 1,13 and 
20. 

Claims 1-3, 5-7, 10, 12-14, 17-18, 20 and 22 have been rejected under 35 
U.S.C. §103 as being unpatentable over what the Examiner alleges as "Applicant 
admitted prior art" in view of Gunjima et al., U.S. Patent No. 5,587,816. In support 
of the rejection of independent claims 1,13 and 20, the Examiner asserts that 
Applicants admitted prior art, as shown in FIGs. 32-35 of Applicants' disclosure, 
discloses a liquid crystal display device with all the claimed features, except for the 
feature: 

"a reflective polarizer arranged at an upper portion of the light 
control element so that a polarized light transmission axis of the 
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reflective polarizer is adjusted so as to be substantially perpendicular 
or substantially parallel to a control axis of the light control element." 

The Examiner then cites column 5, lines 30-41 of Gunjima '816 for allegedly 
disclosing this feature in order to support a conclusion that "it would have been 
obvious ... to arrange such reflective polarizer in which the polarized light 
transmission axis of the reflective polarizer is adjusted so as to be substantially 
perpendicular or in parallel to the control axis of the light control element as claimed 
in claims 1,13 and 20 for achieving maximum light transmittance and widen the 
viewing angle." 

This rejection is respectfully traversed, however. Applicants respectfully 
submit that features of Applicants' independent claims 1,13 and 20 are not 
disclosed or suggested in what the Examiner alleges as "Applicant admitted prior art" 
or Gunjima et al., U.S. Patent No. 5,587,816, whether taken individually or in 
combination with any other references of record. The cited column 5, lines 30-41 of 
Gunjima '816 does not disclose what the Examiner alleges. Therefore, Applicants 
respectfully request the Examiner to reconsider and withdraw this rejection for the 
following reasons. 

First of all, as correctly identified by the Examiner, the common element that 
is critical to each of Applicants 1 independent claims 1,13 and 20, that is not 
disclosed in what the Examiner alleges as "Applicant admitted prior art" (shown in 
FIGs. 32-35 of Applicants' disclosure), is the " reflective polarizer " that is " arranged at 
an upper portion of the light control element so that a polarized light transmission 
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axis of the reflective polarizer is adjusted so as to be substantially perpendicular or 
substantially parallel to a control axis of the light control element ". In other words, 
the "polarized light transmission axis of the reflective polarizer [item 30, as shown in 
FIG. 5 and FIG. 20] must be adjusted substantially perpendicular or in parallel to the 
control axis of the light control element." 

This feature is critical to Applicants' claimed invention because the polarized 
light conversion efficiency can be improved and the polarized light transmission rate 
can be increased by making the conversion axis of the optical path conversion 
element intersect perpendicularly with the polarized light transmission axis of the 
reflective polarizer. Such reasons are expressly described on page 29, line 13 
extending to page 30, line 25 of Applicants' substitute specification. Simply, the 
polarized light conversion cannot be obtained or achieved by the conventional LCD 
device shown in FIGs. 32-35 of Applicants' background of the disclosure. In fact, the 
very deficiencies in the conventional LCD device shown in FIGs. 32-35 of Applicants' 
background of the disclosure, such as the inability to perform polarized light 
conversion efficiently because linear polarized light polarized by bireflingence of light 
control element is converted to ellipsoidal polarized light, as solely identified by 
Applicants, are the basis for Applicants' invention, that is, to solve the above defects 
by setting "a polarized light transmitting axis of the reflective type polarizer 
substantially perpendicular or parallel to the conversion axis of the light control 
element" as expressly defined in each of Applicants' independent claims 1,13 and 
20. In addition, the light control element [which is an anisotropic medium] is 
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arranged between the illumination device and the reflective polarizer in order to 
increase the transmittance of light of the display. As a result, a thin LCD providing a 
bright display can be realized. 

The noted deficiencies of what the Examiner alleges as "Applicant admitted 
prior art", as shown in FIGs. 32-35 of Applicants' disclosure, are not and cannot be 
remedied by the cited column 5, lines 30-41 of Gunjima '816. 

Specifically, Gunjima '816, as a secondary reference, simply discloses an 
illumination device provided with a direct viewing type display element. A polarized 
light separating sheet is used to project p-polarized light efficiently. However, there 
is no disclosure anywhere in Gunjima '816 of Applicants' claimed " reflective polarizer 
arranged at an upper portion of the light control element so that a polarized light 
transmission axis of the reflective polarizer is adjusted so as to be substantially 
perpendicular or substantially parallel to a control axis of the light control element " as 
defined in each of independent claims 1,13 and 20. 

Gunjima '816, at column 5, lines 30-41, only discloses that, 

"it is preferable that the polarizing sheeting provided on the light- 
incident side of the liquid crystal display element, is disposed such that 
the transmittance thereof is maximized with respect to the p polarized 
light component which is emitted from the polarized light separator, for 
employing the illumination device as the backlight of the liquid crystal 
display element. That is, an average direction of an optical axis of 
polarization of a light ray emitted from the flat light guide in the 
flat illumination device approximately agrees with the optical axis 
of polarization of the polarizing sheet on the light-incident side of 
the liquid crystal display element." 
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Evidently, the Examiner argues on pages 10-1 1 of the Office Action (Paper 
No. 22) that, because Gunjima '816 describes "the average direction of an optical 
axis of polarization of a light ray emitted from the flat light guide in the flat illumination 
device approximately agrees with the optical axis of polarization of the polarizing 
sheet on the light-incident side of the liquid crystal display element ", such a 
description can be interpreted or speculated as the polarized light transmission axis 
of the reflective polarizer approximately in parallel to a major axis direction of pixel of 
the liquid crystal display element, and that the "polarized light transmission axis of 
the reflective polarizer must be adjusted substantially perpendicular or in parallel to 
the control axis of the light control element so as to obtain a maximized 
transmittance." 

However, this line of argument is factually incorrect and legally improper. 
Either the cited column 5, lines 30-41, Gunjima '816, discloses or does not disclose 
Applicants 1 claimed " reflective polarizer arranged at an upper portion of the light 
control element so that a polarized light transmission axis of the reflective polarizer is 
adjusted so as to be substantially perpendicular or substantially parallel to a control 
axis of the light control element " as defined in each of independent claims 1,13 and 
20. There is no basis for speculation or interpretation. Again, there is no basis 
anywhere in Gunjima '816 to support the Examinees assertion that the polarized light 
transmission axis of the reflective polarizer must be adjusted so as to be 
substantially perpendicular or substantially parallel to a control axis of the light 
control element . 
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The law under 35 U.S.C. §103 is well settled that "obviousness cannot be 
established by combining the teachings of the prior art to produce the claimed 
invention, absent some teaching, suggestion or incentive supporting the 
combination." ACS Hospital System, Inc v. Montefiore Hospital , 732 F.2d 1572, 
1577, 221 USPQ 929, 933 (Fed. Cir. 1984). The Examiner must point to something 
in the prior art that suggests in some way a modification of a particular reference or a 
combination of references in order to arrive at Applicants' claimed invention. Absent 
such a showing, the Examiner has improperly used Applicants' disclosure as an 
instruction book on how to reconstruct to the prior art to arrive at Applicants' claimed 
invention. Of course, the prior art reference (or references when combined) must 
teach or suggest all the claim limitations . The teaching or suggestion to make the 
claimed combination and the reasonable expectation of success must both be found 
in the prior art, and not based on Applicants' disclosure. In re Vaeck . 947 F.2d 488, 
20 USPQ2d 1438 (Fed. Cir. 1991). See MPEP 2143. In other words, all the claim 
limitations must be taught or suggested by the prior art. In re Rovka , 490 F.2d 981 , 
180 USPQ 580 (CCPA 1974). "All words in a claim must be considered in judging 
the patentability of that claim against the prior art." In re Wilson . 424 F.2d 1382, 
1385, 165 USQP 494, 496 (CCPA 1970). 

Again, as previously pointed out, the Examiner has ignored to treat the claim 
invention as a whole, misinterpreted the disclosure of Gunjima '816, and incorrectly 
employed impermissible hindsight reconstruction to incorporate Gunjima '816 into 
what the Examiner alleges as "Applicant admitted prior art", failed to provide any 
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suggestion or motivation in the references themselves to modify Gunjima '816 into 
what the Examiner alleges as "Applicant admitted prior art" in order to arrive at 
Applicants' claims 1,13 and 20. 

Separately, Applicants' independent claim 20 further defines at least another 
feature that has not been addressed by the Examiner and that is not disclosed or 
suggested anywhere in the Examiner's proposed combination, that is, " a liquid 
crystal display element for controlling polarization of projected light projected from 
the reflective polarizer so that a major axis direction of a pixel of the liquid crystal 
display element is arranged approximately parallel to a direction in which a linearly 
polarized light component of the polarized light projected from the illumination device 
is high ." 

In view of the foregoing deficiencies of the Examiner's proposed combination 
and the explanations provided above, Applicants respectfully request that the 
rejection of claims 1-3, 5-7, 10, 12-14, 17-18, 20 and 22 be withdrawn. 

Claims 8, 15, 21, 26, 30 and 34 have been rejected under 35 U.S.C. §103 as 
being unpatentable over what the Examiner alleges as "Applicant admitted prior art" 
and Gunjima et al., U.S. Patent No. 5,587,816 as applied to claims 1-3, 5-7, 10, 12- 
14, 17-18, 20 and 22, further in view of Yuuki etal., U.S. Patent No. 6,147,725 for 
reasons stated on pages 7-8 of the Office Action (Paper No. 22). Applicants 
respectfully traverse this rejection for the same reasons discussed against the 
rejection of claims 1-3, 5-7, 10, 12-14, 17-18, 20 and 22, and also noting that Yuuki 
725 does not qualify as prior art against Applicants' claims 8, 15, 21 , 26, 30 and 34. 
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This is because Applicants' claimed priority to an earlier JP application No. 10-68128 
filed on March 18, 1998 predates the filing date of October 20, 1998 of Yuuki 725. 
Copies of the JP priority document and its certified English translation of the same 
document are enclosed as Exhibit A and Exhibit B as attached herewith for the 
Examiner's consideration and entry. In view of these submissions, Applicants 
respectfully request that the rejection of claims 8, 15, 21, 26, 30 and 34 be 
withdrawn. 

Lastly, claims 9 and 16 have been rejected under 35 U.S.C. §103 as being 
unpatentable over what the Examiner alleges as "Applicant admitted prior art" and 
Gunjima et al., U.S. Patent No. 5,587,816 as applied to claims 1-3, 5-7, 10, 12-14, 
17-18, 20 and 22, further in view of Wortman et al., U.S. Patent No. 6,101,032 for 
reasons stated on pages 8-9 of the Office Action (Paper No. 22). Since the 
correctness of this rejection is predicated upon the correctness of the rejection of 
claims 1-3, 5-7, 10, 12-14, 17-18, 20 and 22, Applicants respectfully traverse the 
rejection primarily for the same reasons discussed against the rejection of claims 1- 
3, 5-7, 10, 12-14, 17-18, 20 and 22. 

In view of the foregoing amendments, arguments and remarks, all claims are 
deemed to be allowable and this application is believed to be in condition to be 
passed to issue. Should any questions remain unresolved, the Examiner is 
requested to telephone Applicants' attorney at the Washington DC area office at 
(703)312-6600. 
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INTERVIEW: 

In the interest of expediting prosecution of the present application, Applicants 
respectfully request that an Examiner interview be scheduled and conducted. In 
accordance with such interview request, Applicants respectfully request that the 
Examiner, after review of the present Amendment, contact the undersigned local 
Washington, D.C. area attorney at the local Washington, D.C. telephone number 
(703) 312-6600 for scheduling an Examiner interview, or alternatively, refrain from 
issuing a further action in the above-identified application as the undersigned 
attorneys will be telephoning the Examiner shortly after the filing date of this 
Amendment in order to schedule an Examiner interview. Applicants thank the 
Examiner in advance for such considerations. In the event that this Amendment, in 
and of itself, is sufficient to place the application in condition for allowance, no 
Examiner interview may be necessary. 

Please charge any shortage in fees due in connection with the filing of this 
paper, including extension of time fees, or credit any overpayment of fees, to the 
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deposit account of.Antonelli, Terry, Stout & Kraus, LLP, Deposit Account No. 
01-2135 (503.36984X00). 

Respectfully submitted, 

ANTONELLI, TERRY, STOUT & KRAUS, LLP 

Hung H. Bui I 
Registration No. 40,415 

HHB/slh 
(703)312-6600 
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*3 i: ic * y *s%S:ff -5 . KKis^s«#ait #i * m $ -r * - 



m m. ^ 
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—i <D RMtt© ft — 2f L. fit * © P3 43 36 & S # f 5 ii 3t 

ftSftf-T S P? fil 3fc « T- & S . SlifM^a^#©tt, («*.tf(f»i&« 
I 5 5 0 nmlC*fl±40nmII) <Z> iS i8§E {g )fc (XI* R«3fc) &j£sI ffi <5D 

3fefc*»*n%*-?a>ffi»fll*l2;*f*;i £ JC J:' U JtfllSF* fl; ft Jft fc r «*J fca* "T 

h ?"#©«»* £^-f £ #212 £.tf^ft#_hfc* N ^ -f 

K7^y«(0 = ^Jg^5:tt5 I'^Xi' - h iffigtS. 3 *i fC <fc y , « 

3fc#©x k y*»*»c j: y^b5'f ftcsMflj ©wv*fii # 

ii:#Tts. £ #ffitc¥ff«©i«v* Bawls* fc#*ri:#T?fss. -e©ft&©¥ 
ff it -ft J: UiS?)^i:4 5T**5^ 

[001 1 ] 

HH9HS«©¥fTflE#»^»-£. B^Sco^P^S, CS HIBM:* EI 3 0 

fc&lClififllCfcS. 0 3 2 ©fgta^^m^- VNT, #«©&»&¥«« K o 

i i ftBBgLt^wssi 2, i 4 nic»j&ji 1 3 stbssl, a ft 

. 3 12, 14 ©J?* 1 2 t , 14 tfcftCt. K-vhtfyf 1 3AH 

Alia U8, . S^iSi 2, UfflSHf^Sntts. iffl^ii 



m tm. 
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R G B <D 3 F y h T? 1 H* & U , 1 Kv h ® S 18 £t Jt 3 : 1 T'& *; . 1 K y 
K5ia?:K»; dtlfe. * fe, & to a If K 33 tt -5 ^ H S£ CD m& fc «fc 

[0012] 



[0013] 

2f It©It$n = 1.53 , Jg.fr t = 7 0 0 fi m, K y h t y f d = 100 
/tmt-rsi:. Aff3£© Aft ft fl jtt, 2 4.9" JK T T? ft tt ft K . AfffttftifiCD 

(i) &»fi-r«aE*BHJci-* < &j?*«* i, mm 

iCfcV^tt, 24.9' JKT#&KT»*. 
[0014] 

£I<fS?&®«#® 3 0, £jtf£!fift3Btt¥J9 3 1 ©flsJSCo V*TH 2 ft 

4*ttjRtfft*!lfliUfc=il/*'5 ! -yy*JIl 7A~1 7Cfc45-afc*JC*fl,Tl/4a& 
StLT#Mf5fi^H«l 6 fcSv^S. ZKOfiffiMS 1 6 tt, #fii;te^ti 
/ 4 £ UTf^ItS J:ilC3l/^f'J Vi^f 1 7 ntt (C«-£«{CSS£ ft T 
V^fcA^. R ft & fi 3tt 38 ^ # © 3 ULTMxlJ, 'J>fc<T%3jgt&{C*fUT 
Wttfilt & lt*3l/7f ijyj'll 8 A ft ffl y^ aV^T'J^il 7 A ~ 

mi 7 a~ i 7 c i 6 RtffcttmmximiR^m 3 luton^f 



[R 2 ] 




- (1) 



m sm ?m 
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zicD^MMig^S^^sa 1 tLTfflau^f'J'yi'Ii 8A£M^S3i;te 

JR»T?*U, #B§¥ 3 - 45906-i§-2t$g, ^^3^ 6 — 324333 # & ft \Z M a* 3 ft £ ft Iff 
fc»B-f SdfctfT?**. 3 'Jf*Ii:J:*Wttfi»a*l= (no + 

ne) / 2 P (in U y * <D$&M ^ P, fcf*4 © T* * 15 J6J n o , M^^f&I 

JB*f* n e T?8t* IK W^liS A X = A n P l*f$l^ttA n = n e - 

n o t fcT y ^ P T*& * S . L U & # S> , AnttiS^0.3 ISTfetJinf 

SJR?S3 0HTC3l/^f 'J'^ll 7 A~ 1 7Clt ^*f^^^S#?#© 
3 1 tHISCM^&ffl^SIti'fg, fS, i®, #<Z5#ffiSI>f J: e» fC-E-ft 
^ft©*©*«fet;y^«:««-r*. #ft£f*$F*£te|££$ft 
& V^<, J fft-?ftCDtfi^JSS5:4 70nni, 5 5 0 n m , 6 2 0 n m £: L , 
Hf-f^HiSc £ ± 3 5 nrngStf^ifcLV^ 
[0015] 

Wim<D&'&±. nU'^'7 i Uy^Ml7A~17C ^ D ft , 3l/^f 'J»;^ 
Jf 1 SAB^gCftttS. S6oT, 3 "J» j^Il 8Ali, Brm^^cT^ 

P3 « *6 5: £ If L , *R^^tS:Sj§-rS. ± . 3l/^-7-Uy^*17A, 17B 

. i 7ci4-f*if*i. m & <d & yt , n&n&nmyb, ^t&oisnmybZELM 

-?-ftJW^G)fe SrSig-TS . 
[0016] 

SWT* 'J;i/»I8j&»&!fcS#fl&^«2 2#&©afi*«3feT?&Sffi»3fc2 0 0 

© R <l! ft 2 0 1 \ZRM%\±&&0)£.ftm$: 2 0 3 ft * . a«ftT**6B6© 
*R®)12 0 1 li, 3 1/Xf'JyirIl 7A, 1 7C(CAMl/, ifiO*Bi« 
2 0 2 ^SIL, »6, ^&©^P3M3t 2 0 6 ft*. ±fc. aSftLfelft 

&<Z)#Rfilft«:&4IM« 1 6 {C <fc >j ft US-fig ft 2 1 3 Cfc 6. 

[0017] 

£«• $ ft fe 8-&<z>£.FiMyt 2 o 3 myt ¥>8i 2 2 <z>&® (cseas ft r=. 
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17B, 1 7 C (C A ft b , 9fc&CD:£P3Mft2 0 5<7>##3jSL. JSUO^R^^e 

2 i i ns. m.mi>fc&¥imyh2 o 5 »*, &*§m« 1 6 ct ijifi^i 

2 1 3 1 m-iffte>m-&&umft 2 1 4 \zm.m^. nz. 

[0018] 

*fi©€Ri« 2 0 6iisiffa2 it'Stt$^ff6, 

CD £ R M ft 2 0 7 fC & U . aUXf'jy jrfl 8A"C£H*3fc2 0 8 <Z> £ £ £ £f 

3 ft , ?f £ ft # S 2 lT£f*3*i:&RMft20 9 tC § . :& R ^ ft 2 0 9 14 , 
3I/Xf Hfll SAtail/. 3l/^^Uy^»17A, 1 7BAAIfL, 

tt, &*BM« 1 6t'i«Sii3t2 1 3, 214 2 1 5 fC^gl 

::t*. ^?S22, £»#«2 1 (C*aic J: Sfc&iWtStffcV**^ 
t«C#tfTSIil/fc*«. ffftjB!gtf»S»-£(Ctt. f!Ofi)t)S^©*SiL/ 
. ^Mtf> ill ft It SixS ifcftlHyjg-rifclcJ: U S#*r*>*i« 

[0019] 

* fe, SifSfel^f ?fe Snl/^f'J "y^ii^fflSlf^a 1 1, 2 1 2tt 
[ 0 0 2 0 ] 

&fc, SltlfilKfg 3 0 , RMmUftMIR^®. 3 lO#fflC^^^tH3 & 

SSffifftSrSi® ffi#(Z>i£i&iii§ft &Rft-r £§§m##JIlBI 1 9 A~l 9 C&?J« 
t5. £}fafi«IK?S3 UUTMitli, '>Jfc<t%3I6(C^Ltil5St 
* &xgii U, ti&#OE*g{Ilft 5:£ft ^5 S§m##JiJBI 1 8 B tt 
5. S§m##-J1BI 1 9 A~ 1 9CtgSft#Iil 8B©««*W«:|KS£-r*J: 
e> tCSBgf S. £Jtt£&jBIR3£JS 30t LT<Z>g§m##-jijgJg 1 9 A~ 1 9 C & 

ffstfifijfsijRfa 3 i Htoiaft#iiii 8 b zmyt^®.2 2 urm 
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iHtKfiffliiii 6a zmmft&mm 1 8Btsit#©2 1 urnciss-f s 

&fC*f U T&*§g Z&fr^fiL&mmtii 1 6Ai:t5. 
[ 0 0 2 1 ] 

T'&V. W0 9 5 /2 7 9 1 9 tC mm 3 4% £ gffi & JSM -5 3 LtfT'ZZ. £ f=. 
, SMSfiISlfll3 Oi:L Tfflgt^^f if 19A~19Clt £S*Mfi!!}t 

[ 0 0 2 2 ] 

M^T-fe 5 ffiftft 2 o OAtt. S*fSM3tSf?#©-efe & ggm##MBS 1 8BC 

AS*L, 3£i§*6 it &&<D + Wimtiiift 2 0 1 A IZ fx. M )fa it & -feCD — iltifc£M)fc203Ai; 
& 5 . jgigftT- + Mfllft 2 0 1 Aft, it»#flf 1 9 A, 19 
CtCAIfl, iifi© + i£jilS)t 2 0 2 A^SSl, Wfi, (Z) + 209A 

tt £ It 3 tl -5 . 

[ 0 0 2 3 ] 

— S»§ftfe06Ot^S* 2 0 3 Att, gffiifi 1 6 AT'*Rig^ 204A 
KJElfcS *l, «3fc#®2 2©as®{C@2g£t\,fc£lt#®2 1T*££f£4T,. £BS 
36 2 0 5 ACftiJ, StffiffilSl 6AS2SIT. + EUSil^ 2 0 6 AIC|?SI 

<* *u nm»&mmM 1 8 b ssjil, +ii:«g{i^20 7Aic«:5. nmfc&m 

mm 1 8 B&^jiiLfc + E^Hg)t2 0 7Attfgtttt£-ffjRJVl 9 B , 1 9 CICA 
ftfL, *6© + S«Sifi3t 2 0 8 A©* L , J£ V <D + 2 1 8 A \tR 

[ 0 0 2 4 ] 

£f=f 3 ft 95*fi0> + iI:i&§{f|ft2O9AW:. iSffllSl 6 AtfiRIft 

2 1 0 AtCSg&Sfl, 5lffi2 n!£lfS^ffi, *fe<^^RM3t2 1 lAfC 



m mm. ^ zm. 
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t> . H &*§M« 1 6 A IC A ft L , -SIS!S%2 1 2 A IC U . fgm##JiJ8l 
Ml 8Bt^|*$tlSlf$n^-ii:^M3t2 1 3AI1 1 6 A&SiS^ 

£ Rill ft 2 14AC4U. S*f#©2 1 T'£M S ft* 2 1 5AIC&IK f? 

tffi*§M« 1 6 A?:iSiLt l£ III ft ft 2 1 6 A t 4 'J , 3§m##JilBi;i 18B5 

jSi©ft-e&s+il:;&§HSilft2i6Ai;i:, SHft#@i€ 1 g a, 19b 

+ m.t&uyt<D&tf7&i&L. m v $ t\s.m^t 2 1 9A£& 

'JH«4Iit*S^JS$n5. 3 3 T?, i£ft^S 2 2. £f*#© 2 1 {CffciLtC «fc 
S«*«PW««3!fc v^»-&fe«C*»f T»ii»bfe*«, fl 

0) <§§ ft 53 i§ U, ;FM<Z><i§ft/£#fcfc£tt3 4i5 3i:&i^tlig-r3i:tcj:U 

[ 0 0 2 5 ] 

JK±H 2 , EI 3 T'SMSfilRfS 30t £MII*llRfl! 3 1 CDf£/§ (C o 
©30 {Cf§«##jf SIM, ^© 3ii:3i/xr i ;yi'IifflK«li:tit«. PR 
[ 0 0 2 6 ] 

mew:, H2, ® 3 T~m.m u fc^ttsiftfts^^© 3 i ©mif^is a 

cDAftf®ffl!ffcEF l 3ic^fi^ ftJKSfiftjBtt^JB l 5 ZWlWHr « 3 * L 

v*. jsk, s.mm.'&Mm.^WL 3 0 14 < . «»Ai*fcj:y« 

[ 0 0 2 7 ] 

KICK. jR#fflfi»iR#««:* H-^-fT'ttlClISU^O* h7-f^^[fiIJCE3S 



m im. ^ is/ 58) 

77-f;i/i& = A980Q9191A1. el 

Xfttili:* 5 "?**. «*tf, _hiBH89!ga<Z>* h 9 -f :/ ® SBJ 81 £ £ It 12 -fi S 
T* £ 5 . 

[ 0 0 2 8 ] 

2R j£ # U A* # 3£ LTti, X H9-f^*WttBftT?**fe»K:«6*OW«*<3a: 
[ 0 0 2 9 ] 

- K &/§^ -s 3 t -e. <d fifctfc® t? ffiffc $ n & v^ # m t* <d & tb xst * 

* 5 . ' 

[ 0 0 3 0 ] 

±E^«*:«n*£i:T*, *CJ:51g©$ftfttj: 

» ®#> AStiztt -t 5 3 y h 5 x h Jt, *jR6*©*a*tttB®#'ffc«:l8il: , T*e, ® 

<z>£jj&.T*<D¥-ftm*:-mib. m&mmm* ©mii-flifcftffifc^&fcfBS-f s 3 £ 
wwx-yti&mz sT&m&ft zmm? 5. z<nt~&. $£mmm~e$> -o fc*4«)Atf 



m m. ^ $m 
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[ 0 0 3 1 ] 

[ 0 0 3 2 ] 
[f§9i©3li£©7i?&] 

*-f. #*aifl©*i6«fco v^ej i *m ^xmw-t s . *&w\*. ®m©££ 

#|6jC»GHi©»v* (¥fTg©«v>) I^^f 2 0, JZHWlffiftMIR^mt LX 
n V 7.7- V v 9 M Z 1, S*fMfi®^M 30HT31/XtU«;?I3 U 
gCtl®2lal/^f'J>^Ml 7t 1/4 & Ltf^ffi tSfifffi 1 6 

, o <D±&wizftmwt;^®£ Lxmx zmw-rz jtfcstM 1 1 t* 

1991, p37~p48ffl "3t«W«« 5 * T J " 

© - -fe 5: 3 i& L , IfiCft&glftS. * , =ri/*?yy*Jf3 1 tt , <0 < T 
* «r««*««T?, -#© f1«« «#©P3*3fe«:E*f-rs. 3. © <fc d 

tCRSW^S 2 0±Cni'^f l J«;i'f 3 1, 3 0 , 

4 0 &ffigtS3t(CJ: 'J, tffiz£©J:e>fC3-Jl3 0, 3 1*v&©£J#Jftfc?ffl|fl| 

t* « m. jr at * © ^ ft v % « m m w m © * v x m & m. m a s & ^ -e e s . 

[ 0 0 3 3 ] 

^%i«)ifgg2 o tit, i'^5^ bmy.itm.rm<Dmmmm^m\^ 

©fl-WKMstu M3t®T*s>s^^«2 2 *«j8ib*7 * y & * y , 

-g-oia=feu<tt2iafc wetter* Sriea l, -t©*nmE£##fr&&s9> 

© ^ > ^ft® i: LT. *£*&«©* S ^ICfSlife^^S&^l-SS^^^^?:^ 
^fc<Tfc-«#i*rK:«GittftJ*fc*sfc», «^.«, EI l © <fc :> tc^# 

« 2 2 ©J^KIH Ml* #1*1 £»--£© KM". If®£tf« 2 ULT 

£tf*©i«v*£jii • ««) s. »*2 3j*&©ffl»«©w, & 



£B /MH ^ 2?H 
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«S2 2 a)iffl co^M^autc^it $ n^fig^ti, sits ^fira^ oss w mm& 

2 2tf&^ft-rs;i£lC«fc»J®ftCDi£-&#®ft&. 
[ 0 0 3 4 ] 

2 3 &mw\zmw.jf$uz&< . -eoif»j{cttsit«24^BBg$n^®23^e. 

©ffiftf)t2 3AS:^3 l 6«2 2{C^<. 2 3 ^ > ^ & /§ ^ ^ . 

d*WCP8^£*i-5 ; fc0)"et±&^. ttf Sz£ tf> «fc ? C M«)AliflC^-rsilfeS:M<-r 

T', 39! 7 * U 'b&S^ftS 2 2 0>*IMi, * 

%%L2 2 <o<DmMft<D'pte < X %mW<Z£.&1j ft\zmft&Z&t--&*i, 

2 2AfflAM)4 2 3 Ali. «Sffl*g<Z>£M&S5{CAft Lfcfttt, I^^|A2 2 AC 

&M&BizA$tLr-fti*. mmftB 2 2 b iz £ v vmye 2 3 b £ utbi 

^^ft^-gg 0ffi^M^fSi$^A*fLfe^O*m*f^2 3Ci:4tJffi|ftS. 
^«*22 a® COnmm&te. ^»;f 22CS 2 0 0 aih. I^A22A40 
S , 4K#( «B2 2B«:3Si:Lfe. •fgU, 2 2 Ctt 1 0 ^ m~ 1 0 0 0 

A* mil. A 2 2 A ti 2 0 g~ 5 0 gigg, B 2 2 B li 0 g 

2 0 gigffc*l«|!SSS tlS =fcG5T*«fcVN. Ifgg 2 0^ b <D ffi It #<f£ EI 
4 tc ft ft iz m -t J: 5 H®J£**W«:#BfiH£*«SI<, 0 ® £ tic * I* t* #1 ffltt 

Hiii* i*j#tett 2 5 a, ESHf2£**firwtttt 2 5 b -c* »; , - n * ft tc fi rat 

tt©!*V*fl&lJiSg«fcJ53§n?Sfc. « 2 0 H L X \* . (SMSffeS 
[ 0 0 3 5 ] 

$snsi?4 o t. it« -»«Dasi«i2, 1 4 ibucheaji 1 3 u 

. &mwmmmte 1 2 iz®.^.m.«ytmnm 1 0 ^ifcSLJi 1 1 &bsbi-s. 3 

3. T- . $if 1 3 it. 9 0Sitixift57^Xh*Vf -y^f tLT. JB#f 



m m. ^ ?m 
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?SMAndJ0.4M ilLfc. S^l^l 2, 1 4 =l - n > $r 

jRMfiftS^Ji i ooftflncgBB-rs m&\zuyb zm&? s z: ^ »j , 

T H m«X|g(Dig^SG1220DU & M ^ . H 1 JC ^ T , II & # |Sj \z & 

<o ^ s * iciefflit, isi i 3 ic s # & ep in 1- s fca&rom®, »;f 

Wi&&\tmi& UT V^S. - hhO*8SttRGB*100»nx 

3 00Ami:Lfe. iSH 3HT, «J»!S3fRi ( mflE M ft la b£ ) tit, * =e 

^ xgEft • y * hIBlfiIttiEa)fimM^<4S:^oH, hnt^y? 

S2fRltt^©^mM*ffi Sr^f -5 H £ # V^ 5 „ y 4 7. NBStRli l/Tte. 9 0I>V 

[ 0 0 3 6 ] 

(II (Kf h) (C^fcttl^yf 1 0 0 /tm) am&t.l'r-. #38 9! K/§ Vn 

*TflE#wv*fc«K sifMfes^ji3 o zmm Lfcyttfm£h&&m?-am-<D&^ 

*ffSt5 F «y h Sriiig L. _L SP <D% ifc SL A 1 1 {C «fc »J m W V> & * 15 ft fc a ft 
flCfffl^^Sg^ISJ:^;, Ri9ISt2 0» & CO ffi C 33 V* T *i fate © 

J*^#flr©#icttiStt u. -fft icsia^tsncttftffcsijf 1 Uffiits^I*'* 

V*. ~ft{C<fctK ^& < T%£»fflfi31JRA3 0 ©X h9-f ^caat^fflK®* 

¥ f? & £ K & ft li , xmfcnmfr K. J: Sigfe fcHERfc-fS 3 i: #T* jCm^ 
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ft&&7r;& °fm iL o fc. *<Z>a*jRl*©ffli*«tt«:\ H!23fC:^1-. Hj&££ 

siat*. 3«flKSLJV iiT?«aan*vx*'isi-c*y, ms§2o ©ffif-ms&s: 
K u £HM«#fii«tt 2 5 e em*** gu*, A#*&#ttfiji 

13£Sia&lCftffcSLJill T'fCSL;* *l 2 5 FOfSSffe. # 01 5S M T' , W 
[ 0 0 3 7 ] 

*JJBS&*#*tt»cfir± Lfc. *r. 2 2 &©iB#*M:*«3fc-e»*3y. 

IMiSie T- i&S «f ft tc & y , ttAJI 1 3 -e fin ft ^ s§ £ 

3 1/Xf 'J«^I3 lT'HStSftfcftfi^CQB^ftte* ^ftffcSS® ©SftlS 2 1 T' 
3^5. R«{C, £*f 34ifcJl*:Sfi©£»3fel*, igfttt&MCDStfS 2 1 T?£ 
* 2 1 3 0,31 K3g^ ©tRjRft^tffe « tfMStfJtC tt"*-XT©*#ll 

S^61«I3 0 tffc^tf fc!fc*^T3ftf!l«a&*#»3 .5 telcftJiLfc. 

[ 0 0 3 8 ] 

s. 

[ 0 0 3 9 ] 

o AfflJIIfl[fcl/TH6i:stIfl8I2 o±cx h^-f y^© = 
^KI««&f - h 2 6 fcffi^T, Hlf*ff IftFC % *B Ktttt S: * 

BB3££tl-5 : fe><Z)'7M£&V'*. £«S lfiiffi}f#tt 3 0 0 A, £j£2rffl 
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T'££. -g-©B#©ffiI«f#ft£EI2 2{C33*'ttf, &^Ul^tHmn ft 2 5 D it^Jpfc 

S2 OA&01 (CSfflf^Iit, JSfrftfC <fc 5IE®i$g©fa± il&fC, fitffi 
fi»iR»©*h9-f y ^ [SI O ^ * A » it SriE^T* K W -5&??3ift#|6j 

±Lfc„ 3 © b# )fc ft SL Jl i i ii Lt, &£-ft^33©;i/5 -©3fc&$: 

ttSlttftttX-rSii CBit S fttUJi 1 3©3Sii3feS:^2fffifc:*>fcy 

isjfsit^t-t, «»*s#tt#fli±T?* fe. -e©i$© &m7nm<Dmwft& ft s 

111^1612 5G, @S£*5l6l2 5HfflISF«1f(il:ffe. #*j6«T?W:, ® 
• ©«fi#*tn, a^b^^hflKDlv^ttftiilttftlsfc. EI 2 3 

[ 0 0 4 0 ] 

4 mm, mm 1 mmrt&tf. V* fe. JKffi#» < ±B fcafi -3 < K L # V* Jfc# S 

2 7A©j£ffiCA»l,fcftM:, BIIiJ£*#fcHC©*Sflrtt*:feFJfcLfc3 0 0 B © 
<fc ? &#ftic & y , HB*ff **RTtt 3 0 1 BtC^-TAIlf^m^A^ftSrHiftb 
&/£#y©%«49ft£ft«. i © 3 y * — h S/ - h 2 7 A © h7-f 
ilSl2 0 © ig # ft i: £ ^- s J: e> fc SE@ L T , ft *g 2 2iaH - h - h 

2 7A#*svvi;sicttj*fl&«2 2 ft Tf ±fi It $ *i & 3t I- fe % % a'J^-hf-h 
2 7 AOJUCAWLfeJtttffiMSnS. S£oT. £:& * fa © ffi ft W ft 3 0 0 C 
tt. 2 2 *ffi©«iH*E J: y ¥fr«fb**l., it#fil!l»»tt3 0 1Ctt 

. n y * - n i/ - h 2 7 a tc «fe y 3 *\. £ . & * u < «, n y * - h >> - 
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PST-gfip-r s. r©IBSS2 0 B J0i icilffltsi:, ic «fc 5 IE IB 9 ® 
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EXHIBIT B 



I, Yoshihiro Ueda, of 4-17, Sasano-cho 2-chome, Hitachinaka- 
shi, Ibaraki-ken 312-0018, Japan, certify that the best of my knowledge 
and belief, the following is a true translation made by me of the annexed 
document which is a copy of the specification of Japanese Patent 
Application Hei 10-68128 filed on March 18, 1998. 



Date this 10th day of June, 2003 



English translation of JP-A-10-68128 (filed on March 18, 1998) 

[Title of the invention] COLOR LIQUID CRYSTAL DISPLAY DEVICE 
[What is claimed is] 
[Claim 1] 

A liquid crystal display device comprising: 
a liquid crystal display element composed of: 
a liquid crystal layer interposed between a pair of transparent 
substrates; 

an electric field applying means for controlling orientating 
direction of the liquid crystal layer; and 

an absorption type polarized light selection means arranged on 
one of the pair of transparent substrates at light projecting side ; and 

an illumination device arranged at rear side of the liquid crystal 
display element: wherein 

a light diffusion means is arranged on one of the pair of 
transparent substrates at light projecting side ; 

a reflection type color selection means and a reflective polarizing 
selection means are arranged on one of the pair of transparent 
substrates at light incident side; and 

the illumination device provided with a reflecting means for 
reflecting reflected light from the reflection type color selection means 
and the reflection type polarizing means by projecting highly collimated 
light is arranged at the back plane of the liquid crystal display element. 
[Claim 2] 

A liquid crystal display device comprising: 
a liquid crystal display element composed of: 
a liquid crystal layer interposed between a pair of transparent 
substrates; 

l 



an electric field applying means for controlling orientating 
direction of the liquid crystal layer; and 

an absorption type polarized light selection means arranged on 
one of the pair of transparent substrates at light projecting side ; and 

an illumination device arranged at rear side of the liquid crystal 
display element: wherein 

a light diffusion means is arranged on one of the pair of 
transparent substrates at light projecting side ; 

a reflective polarizing selection means and a stripe shaped 
reflection type color selection means are arranged on one of the pair of 
transparent substrates at light incident side; 

the illumination device provided with a reflecting means for 
reflecting reflected light from the reflection type color selection means 
and the reflection type polarizing means having a directivity at least in a 
direction approximately perpendicularly intercrossing with the stripe 
direction of the reflection type color selection means is arranged at the 
back plane of the liquid crystal display element; 

the light diffusion means has a diffusive function at least in an 
uniaxial direction; and 

the diffusive axis of the light diffusion means intercrosses with 
the orientating direction of the illumination device. 
[Claim 3] 

A liquid crystal display device comprising: 
a liquid crystal display element composed of: 
a liquid crystal layer interposed between a pair of transparent 
substrates; 

an electric field applying means for controlling orientating 
direction of the liquid crystal layer; and 

an absorption type polarized light selection means arranged on 
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one of the pair of transparent substrates at light projecting side ; and 

an illumination device arranged at rear side of the liquid crystal 
display element: wherein 

a light diffusion means is arranged on one of the pair of 
transparent substrates at light projecting side ; 

a reflective polarizing selection means and a stripe shaped 
reflection type color selection means are arranged on one of the pair of 
transparent substrates at light incident side; 

the illumination device provided with a reflecting means for 
reflecting reflected light from the reflection type color selection means 
and the reflection type polarizing means having a directivity at least in a 
direction approximately perpendicularly intercrossing with the stripe 
direction of the reflection type color selection means is arranged at the 
back plane of the liquid crystal display element; 

the light diffusion means has a diffusive function at least in an 
uniaxial direction; and 

the diffusive axis of the light diffusion means approximately 
perpendicularly intercrosses with the orientating direction of the 
illumination device. 
[Claim 4] 

A liquid crystal display device according to any one of claims 1 
to 3, wherein 

the half value . , (an angular range where the brightness 
becomes 1/2 of the peak value) of projected light from the illumination 
device in a direction satisfies the following equation: 
[math. 1] 

. 1 . sin" 1 (nsin(tan 1 (2d/t))) ...(1) 
where, 

t: a thickness of each of pair of transparent substrate 
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n: a refractive index of each of the pair of transparent 
substrates 

d: a length of the pixel in a minor axis direction of the pixel. 
[Claim 5] 

5 A liquid crystal display device according to any one of claims 1 

to 4, wherein 

a second absorption type polarized light selection means is 
provided on one of the pair of transparent substrates at the light incident 
side. 
10 [Claim 6] 

A liquid crystal display device according to any one of claims 2 
to 5, wherein 

the liquid crystal layer, the reflective polarizing selection means, 
the absorption type polarized light selection means, and the reflection 
15 type color selection means are arranged so as to make at least a 

viewing angle in the stripe direction of the reflection type color selection 
means wide. 
[Claim 7] 

A liquid crystal display device according to any one of claims 2 
20 to 6, wherein 

at least a waveguide of the illumination device has fine grooves 
at rear plane and a directivity in an axial direction. 
[Claim 8] 

A liquid crystal display device according to any one of claims 2 to 
25 7 , wherein 

the illumination device is a side light type, and the major axis of 
the lamp is approximately parallel to the stripe direction of the reflection 
type color selection means. 
[Claim 9] 



A liquid crystal display device according to any one of claims 1 to 

8, wherein 

the illumination device is provided with at least a light control 
means having a directivity in an axis direction. 
[Claim 10] 

A liquid crystal display device according to any one of claims 1 to 

9, wherein 

one of the pair of transparent substrates is provided with an 
absorption type color selective means. 
[Claim 11] 

A liquid crystal display device according to any one of claims 1 to 

10, wherein 

the liquid crystal layer is a twisted nematic liquid crystal layer 
twisted approximately 90 degrees, and 

the absorption type polarized light selection means and the 
reflective polarizing selection means are arranged so as to form a 
normally-white display mode. 
[Claim 12] 

A liquid crystal display device according to any one of claims 1 to 
10, wherein 

the liquid crystal layer is controllable to be homogeneous 
orientation or homeotropic orientation by the electric field applying 
means. 
[Claim 13] 

A liquid crystal display device according to any one of claims 1 to 
10, wherein 

an electric field is supplied in parallel to the pair of transparent 
substrates by the electric field applying means. 
[Claim 14] 

5 



A liquid crystal display device according to any one of claims 1 to 

13, wherein 

the light diffusion means is arranged inside of the absorption 
type polarized light selection means in order to maintain the polarized 
light. 

[Claim 15] 

A liquid crystal display device according to any one of claims 1 to 

14, wherein 

a dielectric multi-layered film for controlling transmission and 
reflection of polarized light is contained in at least one of the reflective 
polarizing selection means and the reflection type color selection means. 
[Claim 16] 

A liquid crystal display device according to any one of claims 1 to 
14, wherein 

a cholesteric liquid crystal layer for controlling transmission and 
reflection of polarized light is contained in at least one of the reflective 
polarizing selection means and the reflection type color selection means. 
[Claim 17] 

A liquid crystal display device comprising: 
a liquid crystal display element composed of: 
a liquid crystal layer interposed between a pair of transparent 
substrates; 

an electric field applying means for controlling orientating 
direction of the liquid crystal layer; and 

an absorption type polarized light selection means arranged on 
one of the pair of transparent substrates at light projecting side ; and 

an illumination device arranged at rear side of the liquid crystal 
display element: wherein 

a light diffusion means is arranged on one of the pair of 
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transparent substrates at light projecting side ; 

a reflective polarizing selection means and a stripe shaped 
reflection type color selection means are arranged on one of the pair of 
transparent substrates at light incident side; 
5 the illumination device provided with a reflecting means for 

reflecting reflected light from the reflection type color selection means 
and the reflection type polarizing means having a directivity at least in a 
direction approximately perpendicularly intercrossing with the stripe 
direction of the reflection type color selection means is arranged at the 
10 back plane of the liquid crystal display element; 

the light diffusion means has a diffusive function at least in an 
uniaxial direction; 

the diffusive axis of the light diffusion means approximately 
perpendicularly intercrosses with the orientating direction of the 
15 illumination device; and 

the liquid crystal display element is arranged so that the 
direction of wide view angle of the liquid crystal display element 
coincides approximately with the stripe direction of the reflection type 
color selection means. 
20 [Claim 18] 

A liquid crystal display device comprising: 
a liquid crystal display element composed of: 
a liquid crystal layer interposed between a pair of transparent 
substrates; 

25 an electric field applying means for controlling orientating 

direction of the liquid crystal layer; and 

an absorption type polarized light selection means arranged on 
one of the pair of transparent substrates at light projecting side ; and 

an illumination device arranged at rear side of the liquid crystal 



display element: wherein 

a light diffusion means is arranged on one of the pair of 
transparent substrates at light projecting side ; 

a second absorption type polarized light selection means, a 
5 reflective polarizing selection means, and a stripe shaped reflection type 
color selection means are arranged on one of the pair of transparent 
substrates at light incident side; 

the illumination device provided with a reflecting means for 
reflecting reflected light from the reflection type color selection means 
10 and the reflection type polarizing means having a directivity at least in a 
direction approximately perpendicularly intercrossing with the stripe 
direction of the reflection type color selection means is arranged at the 
back plane of the liquid crystal display element; 

the light diffusion means has a diffusive function at least in an 
15 uniaxial direction; 

the diffusive axis of the light diffusion means approximately 
perpendicularly intercrosses with the orientating direction of the 
illumination device; and 

the liquid crystal display element is arranged so that the 
20 direction of wide view angle of the liquid crystal display element 

coincides approximately with the stripe direction of the reflection type 
color selection means. 
[Claim 19] 

A liquid crystal display device comprising: 
25 a liquid crystal display element composed of: 

a liquid crystal layer interposed between a pair of transparent 
substrates; 

an electric field applying means for controlling orientating 
direction of the liquid crystal layer; and 
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an absorption type polarized light selection means arranged on 
one of the pair of transparent substrates at light projecting side ; and 

an illumination device arranged at rear side of the liquid crystal 
display element: wherein 
5 a light diffusion means is arranged on one of the pair of 

transparent substrates at light projecting side ; 

a second absorption type polarized light selection means, a 
reflective polarizing selection means, and a stripe shaped reflection type 
color selection means are arranged on one of the pair of transparent 
10 substrates at light incident side; 

an absorption type color selective means is arranged on one of 
the pair of transparent substrates at a position coinciding with position of 
the reflection type color selection means; 

the illumination device provided with a reflecting means for 
15 reflecting reflected light from the reflection type color selection means 
and the reflection type polarizing means having a directivity at least in a 
direction approximately perpendicularly intercrossing with the stripe 
direction of the reflection type color selection means is arranged at the 
back plane of the liquid crystal display element; 
20 the light diffusion means has a diffusive function at least in an 

uniaxial direction; 

the diffusive axis of the light diffusion means approximately 
perpendicularly intercrosses with the orientating direction of the 
illumination device; and 
25 the liquid crystal display element is arranged so that the 

direction of wide view angle of the liquid crystal display element 
coincides approximately with the stripe direction of the reflection type 
color selection means. 
[Claim 20] 



A liquid crystal display device comprising: 
a liquid crystal display element composed of: 
a liquid crystal layer interposed between a pair of transparent 
substrates; 

an electric field applying means for controlling orientating 
direction of the liquid crystal layer; and 

an absorption type polarized light selection means arranged on 
one of the pair of transparent substrates at light projecting side ; and 

an illumination device arranged at rear side of the liquid crystal 
display element: wherein 

a light diffusion means is arranged on one of the pair of 
transparent substrates at light projecting side ; 

a second absorption type polarized light selection means, a 
reflective polarizing selection means, and a stripe shaped reflection type 
color selection means are arranged on one of the pair of transparent 
substrates at light incident side; 

the illumination device provided with a reflecting means for 
reflecting reflected light from the reflection type color selection means 
and the reflection type polarizing means having a directivity at least in a 
direction approximately perpendicularly intercrossing with the stripe 
direction of the reflection type color selection means is arranged at the 
back plane of the liquid crystal display element; 

the light diffusion means is arranged inside of the absorption 
type polarized light selection means to maintain the polarized light, and 
has a diffusive function at least in an uniaxial direction; 

the diffusive axis of the light diffusion means approximately 
perpendicularly intercrosses with the orientating direction of the 
illumination device; and 

the liquid crystal display element is arranged so that the 
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direction of wide view angle of the liquid crystal display element 
coincides approximately with the stripe direction of the reflection type 
color selection means. 
[Claim 21] 

5 A liquid crystal display device comprising: 

a liquid crystal display element composed of: 
a liquid crystal layer interposed between a pair of transparent 
substrates; 

an electric field applying means for controlling orientating 
10 direction of the liquid crystal layer; and 

an absorption type polarized light selection means arranged on 
one of the pair of transparent substrates at light projecting side ; and 

an illumination device arranged at rear side of the liquid crystal 
display element: wherein 
15 a light diffusion means is arranged on one of the pair of 

transparent substrates at light projecting side ; 

a second absorption type polarized light selection means, a 
reflective polarizing selection means, and a stripe shaped reflection type 
color selection means are arranged on one of the pair of transparent 
20 substrates at light incident side; 

an absorption type color selective means is arranged on one of 
the pair of transparent substrates at a position coinciding with position of 
the reflection type color selection means; 

the illumination device provided with a reflecting means for 
25 reflecting reflected light from the reflection type color selection means 
and the reflection type polarizing means having a directivity at least in a 
direction approximately perpendicularly intercrossing with the stripe 
direction of the reflection type color selection means is arranged at the 
back plane of the liquid crystal display element; 



the light diffusion means is arranged inside of the absorption 
type polarized light selection means to maintain the polarized light, and 
has a diffusive function at least in an uniaxial direction; 

the diffusive axis of the light diffusion means approximately 
perpendicularly intercrosses with the orientating direction of the 
illumination device; and 

the liquid crystal display element is arranged so that the 
direction of wide view angle of the liquid crystal display element 
coincides approximately with the stripe direction of the reflection type 
color selection means. 
[Claim 22] 

A liquid crystal display device comprising: 

a liquid crystal display element composed of: 

a twisted nematic liquid crystal layer twisted approximately 90 
degrees interposed between a pair of transparent substrates; 

an electric field applying means for controlling orientating 
direction of the liquid crystal layer; and 

an absorption type polarized light selection means arranged on 
one of the pair of transparent substrates at light projecting side ; and 

an illumination device arranged at rear side of the liquid crystal 
display element: wherein 

a light diffusion means is arranged on one of the pair of 
transparent substrates at light projecting side ; 

a second absorption type polarized light selection means, a 
reflective polarizing selection means, and a stripe shaped reflection type 
color selection means are arranged on one of the pair of transparent 
substrates at light incident side; 

an absorption type color selective means is arranged on one of 

the pair of transparent substrates at a position coinciding with position of 
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the reflection type color selection means; 

the illumination device provided with a reflecting means for 
reflecting reflected light from the reflection type color selection means 
and the reflection type polarizing means having a directivity at least in a 
direction approximately perpendicularly intercrossing with the stripe 
direction of the reflection type color selection means is arranged at the 
back plane of the liquid crystal display element; 

the light diffusion means is arranged inside of the absorption 
type polarized light selection means to maintain the polarized light, and 
has a diffusive function at least in an uniaxial direction; 

the diffusive axis of the light diffusion means approximately 
perpendicularly intercrosses with the orientating direction of the 
illumination device; and 

the liquid crystal display element is arranged so that the 
direction of wide view angle of the liquid crystal display element 
coincides approximately with the stripe direction of the reflection type 
color selection means. 
[Detailed description of the invention] 

[0001] 

[technical field of the invention] 

The present invention relates to a color liquid crystal display 
device by re-utilization of light using polarized light conversion and wave 
length selectivity. Particularly, to a transparent type color liquid crystal 
display device, in which an illumination device is arranged at back plane 
of the color liquid crystal display element. 

[0002] 

[prior art] 

Currently, the technical advancement in liquid crystal display 

devices, particularly in color liquid crystal display devices Is significant 
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such that display devices having almost the same image quality as a 
CRT have been realized. Furthermore, a back-light becomes 
indispensable for direct visual type color liquid crystal display device, 
because note type personal computers becomes popular, and the 
display without the back-light as an illumination device can not stand as 
a display. 

[0003] 

Currently, the direct visual type color liquid crystal display device 
occupying the market can be separated into two types: a liquid crystal 
display device driven by active matrix drive using TFT (thin film 
transistor) and STN (super twisted nematic) liquid crystal display device 
driven by multiplex drive. Both of the liquid crystal display devices 
display images by arranging polarized light plates at both sides of an 
element, which is composed of a liquid crystal layer interposed between 
glass plates, and converting polarized light condition of a linear polarized 
light. The liquid crystal display device using TFT includes a 
representative TN type (twist nematic), VAN type (vertical aligned 
nematic liquid crystal), IPS type (in-plane-switching), and other various 
types. In accordance with the above two types, the liquid crystal 
display element is place on an illumination device, and images are 
displayed by controlling transmission of polarized light from the 
illumination device. In estimating the light loss in a color liquid crystal 
display device, it has been found that the light loss by the polarizer alone 
is approximately 60%. In the case of a color display, the color filter loss 
in a display device provided with plane-divided color filters is equal to or 
more than 70%. Approximately 88% of light is lost by the arrangement 
including the polarizer and the color filters. Accordingly, even if the 
light loss generated for any other reason is eliminated, only 

approximately 12% of the projected light from the illumination device can 
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be utilized because of the absorption loss by the polarizer and the color 
filters. On the other hand, demands for the liquid crystal display 
device of note-type personal computer are not only thinness and 
lightness in weight, but also low power consumption and high brightness 
in the display. Furthermore, a demand for a decrease in power 
consumption for the display of a desk top computer and a work station is 
high. Accordingly, decreasing the power consumption of the liquid 
crystal display device is indispensable. 
[0004] 

Regarding the above issues, methods for decreasing the 
absorption loss of the polarizer and color filter in order to realize an 
improvement in brightness are disclosed in JP-A-6-130424 (1994) and 
JP-A-6-1 6771 8 (1 994). In accordance with these methods, the 
efficiency of light utilization is improved by re-utilizing reflected light by 
controlling the reflection-transmission of circular polarized light in a 
specified direction of a specified wavelength by use of a cholesteric 
liquid crystal layer in order to utilize the light of the specified wavelength 
efficiently. 

[0005] 

[Issues to be solved by the invention] 
In accordance with the references JP-A-6-130424 (1994) and JP-A-6- 
167718 (1994), a composition in which a color selection layer is 
arranged at both outside and inside of the substrate respectively is 
disclosed. Examples of the composition disclosed in the above 
references are shown in FIG 30 and FIG. 31. In accordance with the 
structure indicated in FIG. 30, a liquid crystal 103 Is interposed between 
glass substrates 101, 104, a selective layer 100 Is arranged at the light 
projection side, a cholesteric layer 106, i.e. a color selective layer, and a 

filter layer 105 are arranged at the light incident side, and a light source 
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107 and a reflector 108 are arranged at rear side of the cholesteric layer 
106. However, characteristics of the light source and others are not 
disclosed at all. In a case of this arrangement, wherein the cholesteric 
layer 106, i.e. the color selective layer Is arranged outside of the glass 
substrate 104, as indicated in FIG 30, the projected light 110 viewed at 
an angle normal to the display surface does not have any problems such 
as mixing of colors in a color display, because the projected light passes 
through a dot wherein the cholesteric layer 106 and the liquid crystal 103 
are the same (a region displaying the same color) . However, in a case 
where obliquely projected light 109 is viewed at an oblique angle, for 
instance, the light transmitted through a red (or green, blue) color 
selective layer 106 is controlled by a modulating signal for green (or 
blue) , i.e. an adjacent dot. Accordingly, when viewing at an oblique 
angle, the correct color is not necessarily displayed depending on the 
viewing angle, because of the thickness of the substrate 104 (generally 
the thickness of the glass substrate is 1 .1 mm, or 0.7 mm and the dot 
pitch Is approximately 100 . m). 
[0006] 

In order to avoid the influence of the thickness of the glass 
substrate 104, an arrangement wherein the color selective layer 112 and 
a retardation film 111 are built-in has been proposed, as indicated in FIG. 
31 . Other constituents are the same as those indicated in FIG 30. 
However, any problems concerning oblique incident light relating to the 
characteristics of the light source have not been considered. In the 
arrangement indicated in FIG 31, the display is produced by controlling 
the polarization to the liquid crystal layer 103 by the color selective layer 
1 12 and the retardation film 1 11, and controlling the polarization by the 
liquid crystal layer 103. However, the cholesteric liquid crystal layer 

used as the color selective layer 112 has an undesirable degree of 
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polarization to the oblique incident light, and, moreover, unnecessary 
light leakage of color is generated. That means that with respect to the 
oblique incident light, a polarization other than a desired polarization is 
generated, leakage of light via a color other than a desired color is 
generated, and so a deterioration in display quality represented by 
decreases in contrast ratio, color reproduction and viewing angle 
characteristics results. 
[0007] 

Then, one of the objects of the present invention is aiming to 
provide a color liquid crystal display device having a wide viewing angle 
and a high display quality, even if the display is viewed at an oblique 
angle, by eliminating any deterioration in display quality (unclearness) 
based on the thickness of the glass substrate and deterioration in 
display quality (decreased contrast ratio, deteriorated display color) at 
an oblique angle, which have been deemed as problems of prior art, 
thereby decreasing the absorption loss by the polarizer and the color 
filters, and improving the efficiency of light utilization.. 

[0008] 

Other objects of the present invention will be clarified in 
accordance with the explanation of the embodiments of the present 
invention hereinafter. 

[0009] 

[Measures to solve the issues] 

In order to realize the above objects, the following measures are 
used in accordance with the present invention. A liquid crystal display 
device is used, the device comprises a liquid crystal display element 
composed of a liquid crystal layer interposed between a pair of 
transparent substrates; an electric field applying means for controlling 
orientating direction of the liquid crystal layer; and an absorption type 
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polarized light selection means arranged on one of the pair of 
transparent substrates at light projecting side; and an illumination device 
arranged at rear side of the liquid crystal display element: wherein a light 
diffusion means is arranged on one of the pair of transparent substrates 
at light projecting side; a reflection type color selection means and a 
reflective polarizing selection means are arranged on one of the pair of 
transparent substrates at light incident side; and the illumination device 
provided with a reflecting means for reflecting reflected light from the 
reflection type color selection means and the reflection type polarizing 
means by projecting highly collimated light is arranged at the rear plane 
of the liquid crystal display element. 
[0010] 

First, the function of each of the means described above is 
explained hereinafter. 

The electric field applying means is composed of electrodes for 
controlling orientation of the liquid crystal layer, circuits for applying 
voltage to the electrodes, and others. The display is performed by 
controlling the polarizing condition of the polarized light passing through 
the liquid crystal layer by controlling the orientation of the liquid crystal 
layer. The absorption type polarized light selection means is a so- 
called linear polarizer capable of absorbing unnecessary polarized light 
for transmitting one of the components of linearly polarized light 
intersecting in right angles each other and absorbing the other 
component of the linearly polarized light, or a so-called circular polarizer 
capable of absorbing unnecessary polarized light for transmitting one of 
two components of circularly polarized light and absorbing the other 
component of the circularly polarized light. The reflective polarizing 
selection means is a linear polarizer capable of reflecting unnecessary 
polarized light for transmitting a part of linearly polarized light 
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intersecting, for instance, at right angles with each other and reflecting 
the rest of the linearly polarized light, or a circular polarizer capable of 
reflecting unnecessary polarized light for transmitting a part of the 
circularly polarized light and reflecting the rest of the circularly polarized 
light. The reflective color selective means is a so-called color filter 
reflecting polarized light in an unnecessary wavelength region, which 
transmits a part of linearly polarized light (or circularly polarized light) 
having a specified wavelength (for instance, a center wavelength of 550 
nm ± approximately 40 nm) and reflects linearly polarized light (or a 
circularly polarized light) in other wavelength regions. More details will 
be explained later with reference to various embodiments, but the 
reflective color selective means utilizes selective reflection of the 
cholesteric layer and characteristics of a multilayered dielectric film. The 
light diffusing means is a means for diffusing or diffracting incident light, 
such as, for instance, a diffusing medium having a hologram or non- 
uniform index of refraction. The light diffusing means desirably maintains 
the polarization of the polarized light and has a role to make the viewing 
angle wide by broadening the projected light having a high collimation 
from the illumination device at the projecting side of the liquid crystal 
display element. A means for increasing collimation of the projected 
light at the illumination device comprises, for instance, a wedge shaped 
waveguide having stripes of microgrooves at its rear plane, and an 
arrangement of a lens sheet having stripes of triangle shapes 
intersecting with stripes of grooves as the light control means on the 
waveguide. Thereby, the projected light having a high collimation in a 
direction perpendicular to the direction of the stripes can be obtained by 
the stripes of the microgrooves of the waveguide and furthermore, the 
collimation in a direction intersecting with the above projected light can 

be improved by the use of the lens sheet. Accordingly, the illumination 
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device having a high collimation at all azimuth angles can be obtained. 
Other methods for collimation will be clarified later by the embodiments. 
[0011] 

When the collimated light from the illumination device Is 
undesirable, the problems caused by unclearness of the displayed 
image and the mixing of colors are as indicated in the embodiment 
shown in FIG 30 and FIG 31 . Therefore, the collimated light from the 
illumination device is important for obtaining a clear image display. Using 
the liquid crystal display element indicated in FIG 32, necessary 
collimation of the light source was investigated. First In accordance 
with the present invention, a structure is composed by arranging the 
liquid crystal layer 13 between the transparent substrates 12, 14, at the 
projection side of which, the absorption type polarizing selection layer 10 
and the light diffusing layer 10 are arranged; and at the incident side 
thereof, the retardation film 16, i.e. a reflective color selection layer 30, 
and cholesterlc layer 17 are arranged. Here, the thickness 12t, 14t of 
the transparent substrates 12, 14 are both t, the dot pitch 13A is d, the 
incident angle 130 of the incident light to the liquid crystal display 
element 40 is expressed by . 1f the incident angle 131 of the incident 
light to the transparent substrate 14 is expressed by . 2 , and the index of 
refraction of the transparent substrates 12, 14 are both expressed as n. 
Here, three dots of R, G, and B are arranged to form a pixel. Generally, 
one dot had a ratio of vertical direction to lateral direction of 3 : 1 and the 
short side of the dot was designated as the dot pitch d. The color 
mixing and the unclearness based on the thickness of the substrate by 
oblique incident light must be restricted in at least two dots at an angle 
where the brightness is 1/2 of the peak brightness. Otherwise, the 
displayed image becomes unclear. Accordingly, the incident angle . 1 of 
the incident light must satisfy the following equation (1): 
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[0012] 



[math. 2] 

. , . sin- 1 (nsin(tarr 1 (2/dt))) ... (1) 

[0013] 

Assuming that the refractive index of the transparent substrate n 
= 1.53, the thickness t = 700 . m, and the dot pitch d = 100 . m, the 
incident angle . 1 of the incident light must be equal to or less than 24.9 
degrees. Otherwise, the incident light will overlap with dots of other 
colors, and a decrease of the image quality, such as color mixing, 
unclearness, and the like, will be generated. Accordingly, the 
collimated light from the illumination device must be in an angular range 
which satisfies the condition expressed by the equation (1) with at 
least a half width (an angular range of brightness which is 1/2 of the 
peak brightness) . Therefore, with the transparent substrate and pixel 
used in the present embodiment, an incident angle equal to or less than 
24.9 degrees is necessary. 

[0014] 

Next, the functions of the reflective color selection means 30, 
and the reflective polarizing selection means 31 are explained in detail 
referring to FIG 2. As one of examples of the reflective color selection 
means 30, the cholesteric layer 17A-17C utilizing specific reflection of 
cholesteric and the retardation film 16 operating as 1/4 wavelength to 
each wavelength are used. The retardation film 16 may be arranged 
for each color as well as the choresteric layer 17 so as to operate as 1/4 
wavelength for respective of colors. As the reflective polarizing 
selection means 31, for instance, a cholesteric layer 18A having a 
specific reflection to at least three primary colors is used, and the layer is 
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twisted reversely to the cholesteric layer 1 7A~1 7C. The cholesteric 
layer 17A-17C as the reflective color selection means 30, the 
retardation film 16, and the cholesteric layer 18Aas the reflective 
polarizing selection means 31 are arranged on the illumination device 
composed of the waveguide means 22 and the reflection means 21 . 

Utilization of the cholesteric layer 18A as the reflective polarizing 
selection means 31 is well known to the public, and technology 
disclosed in JP-A-3-45906 (1991) and JP-A-6-324333(1994) can be 
used. The specific reflection wavelength . = (n 0 + n G )/ 2P is 
determined by spiral pitch of the cholesteric P, and refractive index of the 
material in normal direction n 0 and in abnormal direction n e , and the 
specific reflection band region . . = . nP is determined by an anisotropy 
of refractive index . n = n e - n 0 and the spiral pitch P. However, 
because . n is at most 0.3 and all visible region can not be covered, it is 
supported by stacking cholesteric layers having different pitches each 
other, or pitch itself is varied in a cholesteric layer. The cholesteric 
layer 17A-17C as the reflective color selection means 30 can be used 
as the same materials as for the reflective polarizing selection means 31 , 
and the spiral pitch of each of layers is set so as to perform specific 
reflection of red, green or blue, respectively. The center of wavelength of 
the specific reflection, and the specific reflection band region are not 
restricted, but, each of the center of wavelength is desirably set at 470 
nm, 550 nm, and 620 nm, respectively, and the specific reflection band 
region is set desirably at ±35 nm. 

[0015] 

Conveniently in explanation, it is assumed that the cholesteric 
layers 17A-17C are right twisted, and the cholesteric layer 18A is 
left twisted. Accordingly, the cholesteric layer 1 8A reflects left circular 
polarized light in the visible light region, and transmits right circular 
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polarized light. Each of the cholesteric layers 17A, 17B, and 17C, 
reflects red right circular polarized light, green right circular polarized 
light, and blue right circular light, respectively, and transmits other light. 
[0016] 

5 The projected light 200, i.e. white non-polarized light, from the 

waveguide means 22 composed of transparent acrylic resin is entered 
into the cholesteric layer 18A, i.e. the reflection type polarized light 
selection means, and the transmitted light becomes white right circular 
polarized light 201 , and the reflected light becomes white left circular 

10 polarized light 203. The white right circular polarized light 201 , i.e. the 
transmitted light, is projected into the cholesteric layers 17A, 17C, green 
right circular polarized light 202 is transmitted through, and blue and red 
right circular polarized light 206 are reflected. The transmitted green 
right circular polarized light is converted by the retardation film 16 to 

15 green linear polarized light 213. 
[0017] 

The reflected white left circular polarized light 203 is converted 
to left circular polarized light by reflecting at the reflective means 21 
arranged at rear of the waveguide, and transmits the cholesteric layer 18. 

20 The white right circular polarized light transmitted through the cholesteric 
layer 18A is projected into the cholesteric layers 17B, 17C, and only red 
right circular polarized light 205 transmits, and other right circular 
polarized light are reflected. The transmitted right circular polarized 
light 205 is converted to red linear polarized light 214 having the same 

25 direction as the green linear polarized light 213 by the retardation film 
16. 

[0018] 

The reflected blue and red right circular polarized light 206 is 
reflected by the reflection means 21 to be blue and red left circular 



polarized light 207, further reflected by the cholesteric layer 18A without 
any change, i.e. as left circular polarized light, and further reflected by 
the reflection means 21 to be right circular polarized light 209. The 
right circular polarized light 209 transmits the cholesteric layer 18A, and 
5 is projected into the cholesteric layers 17A, 17B. Only blue right 

circular polarized light 210 transmits the cholesteric layer, and other light 
are reflected. The transmitted blue right circular polarized light 210 is 
converted to linear polarized light 215 having the same direction as the 
linear polarized light 213, 214 by the retardation film 16. Here, the 

10 present invention has been explained taking a case as an example when 
the waveguide means 22 and the reflection means 21 do not resolve 
polarized light by diffusing. However, in a case when resolution of 
polarized light is existed, re-utilization of light is performed by repeating 
the transmittance of only desired polarized light and reflection of 

15 undesired polarized light. 
[0019] 

The reflected light 211 , 212, from the cholesteric layer, i.e. the 
reflective color selection layer, are re-utilized by the same phenomenon 
described above. 

20 [0020] 

The functions of reflective color selection means 30 and 
reflection type polarized light selection means 31 are explained 
hereinafter referring to FIG. 3. As an example of the reflection type 
color selection means 30, dielectric multilayered film 19A ~19C, which 

25 transmits one of linear polarized light of each colors intersecting 
normally each other and reflects the other linear polarized light, are 
utilized. As an example of the reflection type polarized light 
selection means 31, dielectric multilayered film 18B, which transmits one 
of linear polarized light of three primary colors intersecting normally each 



other and reflects the other linear polarized light, is utilized. The 
dielectric multilayered film 19A ~ 19C and the dielectric multilayered film 
18B are arranged so that their polarized directions are intersecting 
normally each other. The dielectric multilayered film 19A - 19C as 
reflection type color selection means 30 and the dielectric multilayered 
film 18B as reflection type polarized light selection means 31 are 
arranged on the illumination device which comprises the waveguide 
means 22 and the reflection means 21 . Desirably, the retardation film 
16A which operates as 1/4 wavelength for each wavelength is arranged 
between the dielectric multilayered film 18B and the reflection means 21 . 
Further desirably, the retardation film 16A is in stripe shape coinciding 
with the layer of the reflection type color selection means in order to 
adjust retardation to each colors. 
[0021] 

Utilization of the dielectric multilayered film 18B as the reflection 
type polarized light selection means 31 is well known to the public, and 
related technology disclosed in W095/2791 9 can be applied. The 
dielectric multilayered film 19A - 19C as reflection type color selection 
means 30 can be composed of the same materials as the reflection type 
polarized light selection means 31 , and each of the layer is set to 
transmit one of the linear polarized light of normally intersecting linear 
polarized light of red, green, and blue, and to reflect the other linear 
polarized light. 

[0022] 

Conveniently in explanation, linear polarized light in a direction 
perpendicular to drawing is expressed as +, and in a lateral direction 
along the drawing is expressed as . . projected light 200A, i.e. white 
non-polarized light, from the waveguide means 22 which is composed of 
transparent acrylic resin is projected into the dielectric multilayered film 

25 



18B, i.e. a reflection type polarized light selection means, and 
transmitted light becomes white + linear polarized light 201 A , and 
reflected light becomes white . linear polarized light 203A. The white 
+ linear polarized light 201 A, i.e. transmitted light, is projected into the 
5 dielectric multilayered film 19A, 19C. Then, green + linear polarized 
light 202A is transmitted, and green, blue + linear polarized light 209A is 
reflected. 

[0023] 

On the other hand, the reflected white linear polarized light 203A 
10 is converted to right circular polarized light 204A by the retardation film 
16A, reflected by the reflection means 21 arranged at rear plane of the 
waveguide means 22 to be left circular polarized light 205A, and 
transmitted through the retardation film 16A again to be converted to + 
linear polarized light 206A, and transmitted through the dielectric 
15 multilayered film 18B to be + linear polarized light 207A. The + linear 
polarized light 207A transmitted the dielectric multilayered film 18B is 
projected into the dielectric multilayered film 19B, 19C, only red + linear 
polarized light 208A is transmitted, and the other + linear polarized light 
21 8A is reflected and re-utilized by the same theory. 
20 [0024] 

The reflected blue, red linear polarized light 209Ais 
converted to left circular polarized light 21 OA by the retardation film 16A, 
reflected by the reflection means 21 to be blue, red right circular 
polarized light 211 A, and projected into the retardation film 16A again to 
25 be converted to . linear polarized light 21 2A, reflected by the dielectric 
multilayered film 18B, and the reflected . linear polarized light 213A is 
transmitted through the dielectric multilayered film 16A to be right 
circular polarized light 21 4A, reflected by the reflection means 21 to be 
left circular polarized light 21 5A, again transmitted through the 



retardation film 16A to be + linear polarized light 21 6A, and transmitted 
through the dielectric multilayered film 18B. The + linear polarized light 
21 6A, i.e. the transmitted light, is projected into the dielectric 
multilayered film 19A, 19B, only blue + linear polarized light is 
transmitted, and the other light is reflected to be the reflected light 21 9A, 
and is re-utilized by the same theory. Here, explanation has been 
performed on the case when the waveguide means 22 and the reflection 
means 21 do not have any diffusing effect to resolve polarized light. 
However, in a case when resolution of polarized light is existed, re- 
utilization of light is performed by repeating the transmittance of only 
desired polarized light and reflection of undesired polarized light. 
[0025] 

Hitherto, operations of the reflection type color selection means 
30 and the reflection type polarized light selection means 31 have been 
explained referring to FIG 2 and 3, but, the cholesteric layer can be used 
as the means 30 and the dielectric multilayered layer can be used as the 
means 31 , or the dielectric multilayered film can be used as the means 
30 and the cholesteric layer can be used as the means 31 . Thus, the 
present invention is not restricted by the explanation. 

[0026] 

Furthermore, visual angle characteristics of the reflection type 
polarized light selection means 31 explained previously referring to FIG. 
2 and FIG. 3 is generally worse in comparison with an absorption type 
polarizer (polarized condition will be shifted from a desired condition by 
obliquely incident light). Accordingly, if necessary in consideration of 
the collimation degree of the illumination device, an absorption type 
polarized light selection means 15 is desirably arranged at incident light 
plane of the liquid crystal display element as shown in FIG 13. 

Furthermore, the visual angle characteristics of the reflection type color 
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selection means 30 is generally undesirable because the polarized 
condition will be shifted from a desired condition by obliquely incident 
light. Accordingly, if necessary in consideration of the collimation 
degree of the illumination device, a color filter as an absorption type 
color selection means is desirably arranged in the liquid crystal display 
element as shown in FIG. 25. 
[0027] 

Furthermore, display having a wide visual angle and no color- 
mixing among reflection type color selection means can be realized by 
arranging the reflection type color selection means in a stripe shape, 
using an illumination device having a directivity in a direction 
intercrossing normally to the direction of the stripe shape, and diffusing 
on the displaying plane only in a direction having the directivity. In 
accordance with arranging the reflection type color selection means in a 
stripe shape, deterioration of image display by color mixing among 
pixels can be prevented without providing the directivity in a direction of 
the stripe shape. In accordance with increasing the collimation degree 
of the illumination device only in a direction, not only the amount of 
projected light and incident light of the illumination device itself can be 
increased, but also its structure can be simplified. For instance, A 
lens sheet can be omitted by setting the stripe microgrooves of the 
illumination device approximately parallel to the direction of the stripe of 
the reflection type color selection means. 

[0028] 

Further, a display having high color re-productivity with obliquely 
incident light can be obtained by arranging a second absorption type 
polarized light selection means at liquid crystal layer side of the 
reflection type color selection means in order to compensate a change in 

characteristics (color change, polarizing light change) of the reflection 
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type color selection means with obliquely incident light. Even if spread 
of light from the light source in a direction of stripe is existed, not only 
issues such as color mixing is eliminated because the color in the stripe 
direction has the same color, but also orientation can be increased 
5 without deteriorating the utilization efficiency of light, and accordingly, a 
color liquid crystal display device having a high light utilization efficiency 
can be realized. 
[0029] 

Further preferably, a display having a high display quality even 
10 with obliquely incident light from a direction which is not the diffusing 
direction by the diffusing film at display plane side by using a liquid 
crystal display mode having a wide visual angle in a direction of stripe of 
the reflection type color selection means. Further preferably, 
composition of the illumination device can be simplified by arranging the 
15 longitudinal direction of the lamp substantially parallel to the stripe 
direction of the reflection type color selection means. 
[0030] 

In accordance with using the means described above, 
deterioration of image quality, deterioration of display performance such 

20 as contrast ratio to obliquely incident light, display colors, and others 
caused depending on the thickness of the substrate, which have been 
regarded as problems, can be prevented, and a bright display device of 
small absorption loss and low consuming power can be obtained. That 
is, in accordance with increasing the collimation of the light source at all 

25 azimuth angles high and arranging a light diffusing means at light 

projecting side of the liquid crystal display element, transmitting light of 
the reflection type color selection means and the liquid crystal layer is 
made transmit through the substrate substantially normally and made 
light diffuse at display plane to realize a wide visual angle. Therefore, 



the issues relating to obliquely incident light, which have been serious 
problems for a long time, have been resolved, and a display device of 
wide visual angle having no deterioration of image quality by visual 
angle can be obtained. Furthermore, increase in efficiency by re- 
5 utilization of light can be achieved, because reflected light from the 
reflection type color selection means and the reflection type polarized 
light selection means can be utilized efficiently. 
[0031] 

Other means and operations of the present invention will be 
10 clarified by the following embodiments. 
[0032] 

[Description of preferred embodiments] 
First, an embodiment of the present invention is explained 
referring to FIG 1 . The liquid crystal display device of the present 

15 invention comprises an illumination device 20 having a strong directivity 
(strong collimation) in a lateral direction of this page, a cholesteric layer 
31 as a reflection type polarized light selection means, a two layered 
cholesteric layer 17 twisted reversely to the cholesteric layer 31 as a 
reflection type color selection layer 30, a retardation film 16 operating as 

20 1/4 wavelength film, and a light diffusing layer 11 maintaining polarized 
light as a light diffusing means provided upside of the liquid crystal 
display element 40. As for light diffusing layer 11 , light control film 
made by Sumitomo Chemicals Co. (commercial name: LUMISTY) was 
used. The light control film made by Sumitomo Chemicals Co. is a prior 

25 art disclosed in the reference, Sumitomo Chemicals, 1991, p37-p48 "A 
high polymer having a light control function-LUMISTY". In accordance 
with FIG. 1 , the reflection type color selection layer 30 transmits 
specified polarized light having a specified wavelength, and reflects the 
specified polarized light having the other wavelength. For instance, 



one of three primary colors (red, green, blue) is transmitted, and other 
colors are reflected. The cholesteric layer 31 transmits one of circular 
polarized light at least in the visual wavelength region, and reflects other 
circular polarized light. In accordance with arranging the cholesteric 
layer 31, the reflection type color selection layer 30, and the liquid crystal 
display element 40 on the illumination device 20, the reflected light from 
each layers 30, 31 can be re-utilized as described previously, and a 
liquid crystal display device having a low absorption loss and high light 
utilization efficiency can be realized. 
[0033] 

As for the illumination device of the present invention, an edge- 
light type back light or a direct below type back light is used. The 
direct-below type back light is composed so that light sources are 
provided inside the illuminating plane. On the other hand, the edge-light 
type back light is composed so that light sources are provided outside 
the illuminating plane. The waveguide, i.e. forming the illuminating plane, 
is made of a transparent acrylic resin and the like, cylindrical light- 
sources are arranged at one-side or two sides of the waveguide and 
lamp covers composed of reflectors 24 are arranged outside of the 
light-sources for projecting light into the waveguide. As the lamp light 
source, a fluorescent lamp having an illuminating length corresponding 
to the size of the display device is used. In order to make the lamp 
have a directivity at least in an axial direction, a definite microgrooves 
are provided in a vertical direction to the drawing at the rear plane of the 
waveguide 22 as shown in FIG. 1, and a metal having a high reflectivity 
(aluminum, silver, and the like) is arranged as back side reflector 21. 
Among light projected from the light source 23, the incident light 
component into the left oblique portion at rear plane of the waveguide 22 

is reflected and projected upward as light having a strong directivity 
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(lateral direction of the drawing) . The incident light into the right oblique 
portion is guided in the waveguide 22 to make inside of the plane 
uniform. 

[0034] 

5 In accordance with the present embodiment, the illumination 

device 20 shown in the perspective drawing FIG.4 and the cross 
sectional drawing FIG. 5 was used. The light source 23 is extended 
long in a direction perpendicular to the drawing, reflectors 24 are 
arranged around thereof, and projected light 23Afrom the light source 

10 23 is conducted to the waveguide 22. A cold cathode fluorescent lamp 
was used as the light source, but the light source is not restricted to the 
fluorescent lamp. As described previously, in order to eliminate color 
mixing by obliquely incident light, it is necessary to make the light source 
have a directivity at least in a direction lateral to the drawing. Therefore, 

15 a fine microgrooves structure was formed at the rear plane of the 
waveguide 22, which was made of transparent acrylic resin, to make 
light projected from the waveguide 22 have a directivity in a direction 
lateral to the drawing. Among the incident light to the waveguide 22, 
the incident light to the left oblique portion of the microgrooves is 

20 reflected with the oblique angle A 22A, and projected as the projected 
light 23C from the waveguide 22. On the other hand, the incident light 
to the right oblique portion of the microgrooves is totally reflected with 
the oblique angle B 22B, and is propagated to the right direction of the 
drawing as conducted light 23B, and the light is projected as projected 

25 light 23C only when projected to the right oblique portion of the drawing. 
The micro structure at the rear plane of the waveguide 22 was formed 
with 200 . m as the pitch 22C, 40 degrees as the oblique angle A22A, 
and 3 degrees as the oblique angle B 22B. However, each of the pitch 
and oblique angles are not restricted with these values if the pitch 22C is 



in the range of approximately 1 0 . m to 1 000 . m, the oblique angle A 
22A is in the range of approximately 20 degrees to 50 degrees, and the 
oblique angle B22B is in the range of approximately zero degrees to 20 
degrees. The characteristic of the projection from the illumination 
device 20 has a strong directivity in a direction lateral to the drawing as 
shown qualitatively in FIG. 4, and no directivity in a direction 
perpendicular to the drawing. The projection characteristics of the 
illumination device used in the present embodiment is shown in FIG 21. 
The projection characteristics in a direction perpendicular to the drawing 
is 25A, in a lateral direction to the drawing is 25B, and the illumination 
device having a strong directivity in an axial direction could be realized. 
The illumination device 20 is not restricted to the present embodiment 
if the device has a strong directivity in an axial direction (a direction 
perpendicular to the stripe of the reflection type color selection layer 
30) . 

[0035] 

As for a liquid crystal display element 40, a liquid crystal layer 13 
is interposed between a pair of transparent substrates 12, 14, and an 
absorption type polarized light selection layer 10 and a light diffusing 
layer 11 are arranged on the transparent substrate 12 at light projection 
side. The liquid crystal layer 13 was a twisted nematic layer having a 
ninety degrees twist, and its anisotropy of refractive index . nd was 0.4 
. m. The transparent substrates 12, 14 were made of Corning glass 
substrate 7059, and its thickness was 0.7 mm. The light diffusing layer 
11 is required to maintain polarized light when it is arranged inside of the 
absorption type color selection layer 10, and LUMISTY made by 
Sumitomo Chemicals Co. was used in preparation of the light diffusing 
layer as described previously. As for polarized light selection layer 10, 

a polarizer G1220DU made by Nitto Denko Co. was used. In 
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accordance with FIG. 1 , orientation film, electrodes for applying electric 
field to the liquid crystal layer 13, switching elements, wiring, and the 
others are omitted, in order to align the liquid crystal in a direction. The 
size of each dot of RGB was 1 00 . m x 300 . m, respectively. As for the 
5 liquid crystal layer 13, an initial orientation (no voltage is applied) of 
homogenous orientation, twisted orientation, and homeotropic 
orientation can be used. Liquid crystal having a positive dielectric 
anisotropy is used for homogenous orientation and twisted orientation, 
and liquid crystal having a negative dielectric anisotropy is used for 

10 homeotropic orientation. As for twisted orientation, 90 degrees twisted 
orientation is representative, but it is not restricted to 90 degrees. An 
axis of arranging the polarizer, orientating direction of the liquid crystal 
and others is determined so that a wide visual angle can be achieved 
at least in a direction perpendicular to the drawing FIG. 1, as stated later. 

15 [0036] 

In accordance with conventional illumination device, problems 
such as unclearness of image, and color mixing were generated. 
Therefore, the reflection type color selection layer 30 was made to have 
a stripe shaped structure in a direction perpendicular to the drawing in 

20 matching with the pitch of the liquid crystal layer 13 (the pitch was 100 
. m in matching with the pixel (dot)). The illumination device 20 used in 
the present invention has a strong directivity in a lateral direction of the 
drawing, that is, a highly collimated light projection characteristics. 
Accordingly, because of high collimated light in a direction perpendicular 

25 to the stripe of the reflection type color selection layer 30, the light 
transmitted through the reflection type color selection layer 30 passes 
dots corresponding to a same color of the liquid crystal display element, 
and the light is diffused to the lateral direction of the drawing by the 
upper light scattering layer 11. Then, wide visual angle display having 



no unclearness of images, no decrease in contract, nor decrease in 
color purity could be obtained. On the other hand, in a direction 
perpendicular to the drawing, the light source is not necessarily required 
to project highly collimated light in order to display a same color. In 
5 order to look the projected light from the illumination device 20 without 
making be diffused, the projected light from the illumination device 20 is 
made to be diffused only in a direction of strong directivity, but not in a 
direction perpendicular to the strong directivity even by the light 
scattering layer 11. Therefore, if the collimation is enhanced at least in 

10 a direction perpendicular to the stripe of the reflection type color 

selection layer 30, color mixing caused by the thickness of the glass 
substrate can be eliminated, display with a wide visual angle can be 
realized. The projection characteristics at displaying white is shown in 
FIG. 23. The perpendicular direction to the drawing is the direction not 

15 scattered by the light scattering layer 11 , and the characteristics in a 
direction perpendicular to the drawing 25E reflecting the projecting 
characteristics of the illumination device 20 could be obtained. In a 
direction lateral to the drawing, the incident light is scattered by the light 
scattering layer 11 after transmitting the liquid crystal layer 13, and the 

20 characteristics of 25F was obtained. In accordance with the present 
embodiment, the characteristics of no color mixing, high contrast ratio 
could be obtained. 
[0037] 

As explained above, a wide visual angle display without any 
25 unclearness of images can be realized by the present embodiment. 
Light utilization efficiency was significantly increased, because 
conventional absorption loss by polarizer, color filter was decreased. 
First, projected light from the waveguide 22 is no-polarized light, but one 
of circular polarized light is transmitted through the cholesteric layer 31 , 



and the other circular polarized light is reflected. The transmitted 
circular polarized light is selected in color by the reflection type color 
selection layer 30, and only the circular polarized light of desired color is 
transmitted (undesired color is reflected). Then, the light is converted 
5 to linear polarized light by the retardation film, modulated in polarized 
light by the liquid crystal layer 13, selected by the absorption type 
polarized light selection layer 10, and a display corresponding to image 
signal is displayed. On the other hand, the other circular polarized light 
reflected by the cholesteric layer 31 is reflected by the reflector 21 

10 arranged at rear plane of the waveguide to be reversely circular 

polarized light, and is transmitted through the cholesteric layer 31 to be 
utilized for display as well. In the same manner, the reflected light of 
undesired color can be re-utilized when the light is entered into a desired 
color selection layer after repeating reflection by the reflector arranged 

15 at rear plane of the waveguide 21 . Accordingly, although the reflector 
21 and the selection layer 30, 31 cause some absorption loss, almost all 
light can be re-utilized theoretically, and light utilization efficiency can be 
increased significantly. In accordance with the present embodiment, 
the light utilization efficiency could be increased to approximately 3.5 

20 times in comparison with a case when the cholesteric layer 31 and the 
color selection layer 30 are not used. 
[0038] 

Next, an embodiment of illumination device having a high 
collimation at an axis direction and all azimuth direction is explained 
25 hereinafter. 

[0039] 

As an embodiment of illumination device 20A, the illumination 
device 20 shown in FIG. 6 was used. Using a stripe shaped lens sheet 
26 having a triangle cross section on the illumination device 20, a 



characteristics having a directivity in a direction deep to the drawing was 
obtained. In accordance with the present embodiment, the top angle 
26Awas 90 degrees, and the pitch was 50 . m. However, the present 
invention is not restricted by these values. As the result, the directivity 
5 was strengthened in all azimuth direction as indicated by 300A in lateral 
direction projecting characteristics, and 301 A in perpendicular direction 
projecting characteristics, and the collimation was improved. The 
projection characteristics in this case is shown in FIG. 22. The lateral 
direction projection characteristics 25D was somewhat broadened, but 

10 directivity in the perpendicular projection characteristics 25C was 

increased. In accordance with applying the illumination device 20Ato 
the color liquid crystal display device shown in FIG. 1 , obliquely incident 
light in a direction of stripe of the reflection type color selection layer 
could be decreased in addition to improvement of front brightness by 

15 directivity, and color re-productivity in visual angle was improved. In 
accordance with arranging LUMISTY made by Sumitomo Chemicals Co. 
in a manner that the direction of its light diffusing axis are intercrossed 
normally each other as the light diffusing layer 11, transmitting light of 
the liquid crystal layer 13 could be broadened in all azimuth direction, 

20 and the visual angle characteristics could be improved. The visual 
angle characteristics of white display in this case is shown in FIG. 24. 
The light was scattered by the light diffusing layer 11 in both 
perpendicular direction and lateral direction of the drawing, and visual 
angle characteristics in perpendicular direction of the drawing 25G and 

25 lateral direction of the drawing 25H were obtained. In accordance with 
the present embodiment, the characteristics having no color mixing in 
images and a high contrast ratio could be obtained. In comparison with 
the characteristics shown in FIG. 23, the front brightness was increased 
to 1.3 times, and a visual angle characteristics of almost equal in all 



azimuth direction could be obtained. 
[0040] 

An embodiment of illumination device 20B which was applied 
with the collimate sheet 27 A shown in FIG 7 instead of lens sheet 26 is 
shown in FIGl 8. The collimate sheet 27 A was made of transparent 
acrylic resin having a stripe shape and narrower bottom, and the shape 
of pitch 4 mm, height 4 mm, and bottom side 1 mm was used. The 
shape was not restricted by these values, if the structure has a narrow 
bottom and the size is broadened as closing to the upper surface. As 
the result, the incident light at the bottom plane of the collimate sheet 
27A obtained the characteristics in which the directivity was improved 
only in a lateral direction of the drawing as shown 300B, and broadened 
characteristics reflecting the incident light visual angle characteristics 
shown as 301 B in a deep direction of the drawing. The collimate sheet 
27A was arranged so that the direction of its stripe was intercrossed 
normally with the direction of grooves of the illumination device 20, and 
the interval between the waveguide 22 and the collimate sheet 27A was 
combined with a transparent medium having almost equal refractive 
index. As the result, only the light reflected by the declined 
microgroove portion at rear plane of the waveguide 22 was projected, 
and the other light, which might be all reflected and guided in the 
waveguide 22 if the collimate sheet was not existed, would be projected 
when the light entered at the bottom plane of the collimate sheet 27A. 
Accordingly, the projection characteristics in the lateral direction 300C is 
collimated by the microgrooves at the rear plane of the waveguide 22, 
and the projection characteristics in the perpendicular direction 301 C is 
collimated by the collimate sheet 27A. Desirably, the collimate sheet 
27Ais adhered by not all the bottom region, but by bottom with definite 

intervals parallel with the microgrooves at rear plane of the waveguide 
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22. In accordance with applying the illumination device 20B to the 
color liquid crystal display device shown in FIG 1 , obliquely incident light 
in a direction of stripe of the reflection type color selection layer could be 
decreased in addition to improvement of front brightness by directivity, 
5 and color re-productivity in visual angle was improved. 
[0041] 

In order to collimate the projection light in all azimuth direction of 
the illumination device, the collimate sheet 27B shown in FIG 9 is used. 
The collimate sheet 27B is made of transparent acrylic resin having a 

10 rectangular bottom and top planes, and narrower bottom, although the 
collimate sheet 27A has a stripe shape arrangement, and the shape of 
pitch 4 mm, height 4 mm, and bottom side 1 mm was used. The shape 
was not restricted by these values, if the structure has a narrow bottom 
and the size is broadened as closing to the upper surface. 

15 [0042] 

The illumination devices 20C and 20D using the collimate sheet 
27B are shown in FIG 1 0 and FIG 11 , respectively. FIG 1 0 shows a 
side light type illumination device 20C applied with the collimate sheet 
27B, and the interval between the waveguide 22 and the collimate sheet 

20 27B is adhered with a transparent medium having almost equal 

refractive index. As the result, only incident light to the bottom plane 
of the collimate sheet 27B among all the reflected light in the waveguide 
22 is projected, and the characteristics of the projection light becomes to 
have directivity in the lateral direction 300E, and in the perpendicular 

25 direction 301 E. FIG 11 shows a direct-below type illumination device 
20D applied with collimate sheet 27B, and the portions other than the 
bottom plane portion of the collimate sheet 27Aare made of reflector. 
Therefore, collimation could be increased not only in an axial direction, 
but also in all azimuth direction. 



[0043] 

Next, another embodiment of liquid crystal display element 40 is 
explained hereinafter. 
[0044] 

5 An embodiment of liquid crystal display element 40 is shown 

in FIG. 12. The illumination device 20 had the structure equivalent to 
the structure shown in FIG. 1 , but any one of illumination devices 20A, 
20B, 20C, and 20D can be used. The different point from the 
embodiment shown in FIG. 1 is in the arrangement of the reflection type 

10 color selection layer 30 and the reflection type polarized light selection 
layer 31. In the present embodiment, the reflection type color selection 
layer 30 and the reflection type polarized light selection layer 31 were 
arranged at inside of the transparent substrate 14. The arrangement of 
the reflection type color selection layer 30 at inside of the transparent 

15 substrate 14 is important feature, and the reflection type polarized light 
selection layer 31 may be arranged at illumination device side of the 
transparent substrate 14, because matching of pixels (dots) is not 
necessary. In accordance with FIG 1 , thickness of the transparent 
substrates 12, 14 is the origin of unclearness of images, that is, if 

20 collimation of the projected light from the illumination device is 

insufficient, dots of the reflection type color selection layer 30 and the 
liquid crystal layer 13 passes through different regions each other, and 
color mixing is generated. However, in accordance with making the 
structure as the present embodiment, the effect of thickness of the 

25 transparent substrate 14 can be eliminated, clear images can be 

obtained even if collimation of the illumination device 20 is insufficient. 
[0045] 

An embodiment of liquid crystal display element 40 is shown in 
FIG. 13. The illumination device 20 had the structure equivalent to the 



structure shown in FIG 1 , but any one of illumination devices 20A, 20B, 
20C, and 20D can be used. The different point from the embodiment 
shown in FIG 1 is in the arrangement of the absorption type polarized 
light selection layer 15, which is arranged between the transparent 
substrate 14 and the reflection type color selection layer 30. A polarizer 
G1220DU made by Nitto Denko Co. was used as the absorption type 
polarized light selection layer 15. In the present embodiment, 
cholesteric layer were used as the reflection type color selection layer 30 
and the reflection type polarized light selection layer 31 , and a polarizing 
degree and dependency of polarized light on visual angle were worse in 
comparison with the absorption type polarized light selection layer. 
Therefore, unnecessary polarized light from the layers 30 , 31 are 
absorbed by the absorption type polarized light selection layer 15 by 
arranging the absorption type polarized light selection layer 15 onto the 
reflection type polarized light selection layer 31 and the reflection type 
color selection layer 30, and polarized characteristics of the transmitted 
light can be improved and the contrast ratio of the display can be 
improved. 

[0046] 

An embodiment of liquid crystal display element 40 is shown in 
FIG 14. The illumination device 20 had the structure equivalent to the 
structure shown in FIG 12, but any one of illumination devices 20A, 20B, 
20C, and 20D can be used. The different point from the embodiment 
shown in FIG 12 is in the arrangement of the absorption type polarized 
light selection layer 15, which is arranged between the reflection type 
color selection layer 30 and the liquid crystal layer 13. A polarizer 
G1220DU made by Nitto Denko Co. was used as the absorption type 
polarized light selection layer 15. In the present embodiment, 
cholesteric layer were used as the reflection type color selection layer 30 
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and the reflection type polarized light selection layer 31 , and a polarizing 
degree and dependency of polarized light on visual angle were worse in 
comparison with the absorption type polarized light selection layer. 
Therefore, unnecessary polarized light from the layers 30 , 31 are 
5 absorbed by the absorption type polarized light selection layer 15 by 
arranging the absorption type polarized light selection layer 15 onto the 
reflection type polarized light selection layer 31 and the reflection type 
color selection layer 30, and polarized characteristics of the transmitted 
light can be improved and the contrast ratio of the display can be 

10 improved. Furthermore, in accordance with FIG. 13, thickness of the 
transparent substrates 12, 14 is the origin of unclearness of images, 
that is, if collimation of the projected light from the illumination device is 
insufficient, dots of the reflection type color selection layer 30 and the 
liquid crystal layer 13 passes through different regions each other, and 

15 color mixing is generated. However, in accordance with making the 
structure as the present embodiment, the effect of thickness of the 
transparent substrate 14 can be eliminated, clear images can be 
obtained even if collimation of the illumination device is insufficient. 
[0047] 

20 An embodiment of liquid crystal display element 40 is shown in 

FIG. 25. The different point from the embodiment shown in FIG 13 is 
in the arrangement of the absorption type color selection layer 32, which 
is arranged in the vicinity of the liquid crystal layer 1 3. A color filter 
which has been used conventionally for current TFT-LCD and others 

25 was used as the absorption type color selection layer 32. A polarizer 
G1220DU made by Nitto Denko Co. was used as the absorption type 
polarized light selection layer 15. In the present embodiment, a 
cholesteric layer was used as the reflection type color selection layer 30, 
and a color selectivity and dependency of the color selectivity on visual 



angle were worse in comparison with the absorption type color selection 
layer. Therefore, unnecessary polarized light from the layer 30 can be 
absorbed by the absorption type color selection layer 32 by arranging 
the absorption type color selection layer 32, and color purity of the 
5 transmitted light can be improved and color re-productivity of displayed 
color can be improved. 
[0048] 

An embodiment of liquid crystal display element 40 is shown in 
FIG. 26. The present technology can be applied to the embodiments 

10 shown in Flg.1 , FIG. 12, FIG. 13, FIG. 14, and FIG. 25, and the pitch of 
the cholesteric layer 17 forming the reflection type color selection layer 
30 was set 200 . m, i.e. two times of the dot pitch. Two of the 
cholesteric layers 17 were composed in a manner to shift a half pitch 
each other, and each of 17A, 17B, and 17C was a cholesteric layer 

15 showning a specific reflection of green, red, and blue, respectively. In 
accordance with making the pitch of the cholesteric layer 17 twice as 
described above, manufacturing process could be simplified. 
[0049] 

Next, an embodiment of diffusing layer 11 is explained 
20 hereinafter. 

[0050] 

An example of the characteristics of the light diffusing layer 11 A 
is shown in FIG 15. In accordance with the previous embodiments, as 
for the light diffusing layer 11 A, LUMIST made by Sumitomo Chemicals 
25 Co. was used as the uniaxial light diffusing layer having a characteristics 
that has a scattering property in the lateral direction such as 302A, and 
no scattering property in the perpendicular direction such as 303A . In 
accordance with the present embodiment, a stripe shaped rod lens array 
(pitch was approximately 50 . m ) shown in FIG 15 was used as the light 



diffusing layer 11 B having uniaxial scattering property. The other 
members had as same structures as the embodiments shown in FIG 13 
or FIG. 14. The illumination device 20 used in the present embodiment 
had a strong directivity in the lateral direction, and display of clear and 
5 wide visual angle could be realized by broadening the light after 

transmitting the liquid crystal layer 13 by the uniaxial light diffusing layer 
11B. 

[0051] 

Next, as an embodiment of light diffusing layer 1 1 C, the light 
10 diffusing layer having a characteristics having scattering property in all 
azimuth direction as shown in FIG 17 was used. A micro-lens array 
(pitch was approximately 50 . m ) shown in FIG 18 was used as the light 
diffusing layer 11 D. An illumination device having high collimation in all 
azimuth direction shown in FIG 8 was used as the illumination device 
15 20B. The other members had as same structures as the embodiment 
shown in FIG 16. As the result, collimation in all azimuth direction 
was increased by the illumination device 20B, each of the layers 13, 15, 
30, and 31 was transmitted perpendicularly, and a display of clear and 
wide visual angle was realized by broadening the light by the light 
20 diffusing layer 11 D located at upper portion. 
[0052] 

Furthermore, as for the light diffusing layer, a diffuser having 
diffusivity in all azimuth direction could be prepared by making the 
previously described uniaxial light diffusing layers 11 F and 1 1 E so that 
25 each of their diffusing directions were intercrossed approximately 

normally as shown in FIG 19. The diffuser was applied to the structure 
shown in FIG 1 8, and a display of clear and wide visual angle could be 
realized. Spherical beads 11G2 shown in FIG 20 were arranged, 
absorbers 11G1 were arranged in the intervals of the beads, and a low 



refractive index layer 11G3 having lower refractive index than the beads 
11G2 was formed in order to increase incident efficiency to beads. As 
the result, a light diffusing layer 11 G having light diffusivity in all azimuth 
direction could be realized. By applying the light diffusing layer 11 G to 
the device shown in FIG. 18, a display of clear and wide visual angle 
could be realized. 
[0053] 

Next, an embodiment of display mode of liquid crystal display 
element is explained hereinafter. 
[0054] 

In order to eliminate color mixing caused by a reflection type 
color selection layer substantially, an illumination device having a 
directivity at least in a direction intercrossing normally with stripe 
direction of the reflection type color selection layer was used, and a 
structure was composed so that the light is diffused only in the direction 
of its directivity at the upper plane of the liquid crystal display element. 
In accordance with this structure, color mixing in the direction parallel to 
the stripe direction can be prevented because only a same color is 
displayed, and no directivity is required. However, when viewing 
obliquely from the stripe direction, the characteristics itself of the liquid 
crystal display element is seen. Then, arranging a direction of wider 
visual angle of the liquid crystal display element becomes necessary. 
Therefore, as an embodiment, most general TN liquid crystal, in which 
liquid crystal molecules 13B at upper side and lower side are twisted 90 
degrees each other, was adopted; and normally white display mode was 
formed by intercrossing each of an absorption axis of 10A, 15Aof 
absorption type polarized light selection layers 10, 15, normally each 
other; and arranging each of liquid crystal molecule orientation direction 

of upper side 13A and lower side 13B as shown in FIG. 27. The electric 
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field applied to the liquid crystal layer 13 is omitted in the drawing, but 
the electric field was controlled by applying voltage to transparent 
electrodes at upper side and lower side of the liquid crystal layer. The 
direction of wide visual angle having no gradation reversal with obliquely 
incident light and small contrast ratio decrease 40A was arranged in the 
direction perpendicular to the drawing of FIG. 1 , and the direction of 
narrow visual angle having gradation reversal and large contrast ratio 
decrease 40B was arranged in the direction lateral to the drawing of FIG. 
1 . As the result, in the lateral direction of the drawing FIG 1 , any color 
mixing of images was not observed because the illumination device had 
a directivity in the lateral direction, and a display having wide visual 
angle could be realized because the light was diffused by the upper light 
scattering layer 11. On the other hand, in spite of the illumination 
device does not have any directivity and the light scattering layer 11 
does not have any diffusivity in perpendicular direction, a display of wide 
visual angle could be realized in the perpendicular direction of the 
drawing FIG. 1. 

[0055] 

Next, the liquid crystal molecules 13B of initial parallel 
orientation shown in FIG 28 were applied to an in-plane switching 
display mode in which orientation of liquid crystal molecules 13B was 
controlled by the lateral electric field 26. The structure was formed by 
intercrossing the absorption axes 10A, 15A of the absorption type 
polarized light selection layers 10, 15 normally each other, and arranging 
the orientation direction 13A, 13C of the liquid crystal molecules 13B as 
indicated in the figures. In accordance with the in-plane switching 
display mode, 40D is slightly changed to blue color direction, and 40C is 
slightly changed to yellow color direction, but no gradation reversal is 
generated. Accordingly, although depending on arrangement of the 
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reflection type color selection layer 30 and the reflection type polarized 
light selection layer 31 , the direction 40C whereat change of color 
could be reduced as possible was selected as the direction of wide 
visual angle, and the direction 40D whereat characteristics were varied 
5 depending on up and down direction by pre-tilting of the liquid crystal 
molecules 13B was selected as the direction of narrow visual angle. 
The perpendicular direction to the drawing FIG. 1 was designated as 
40C, and the lateral direction was designated as 40D. As the result, 
the lateral direction of the drawing FIG 1 had no color mixing because of 

10 the directivity of the illumination device, and display of wide visual angle 
could be realized because of diffusivity at the upper light scattering layer 
11 . On the other hand, a wide visual angle display could be realized in 
in the perpendicular direction of the drawing FIG. 1, in spite of the 
illumination device had no directivity and the upper light scattering layer 

15 11 had no diffusivity in the perpendicular direction. 
[0056] 

Next, homogeneous orientation having a positive dielectric 
anisotropy shown in FIG. 29 (or, homeotropic orientation having a 
negative dielectric anisotropy) was applied to the liquid crystal display 

20 element. The direction where the liquid crystal molecules 13B uprise 
(or fall down) had a narrow visual angle, because orientation of the liquid 
crystal molecules are controlled by the electric field, and then the 
direction was selected as the narrow visual angle direction 40F. And 
the direction intercrossing normally with the above direction was 

25 selected as the wide visual angle direction. The direction 

perpendicular to the drawing FIG. 1 was designated as 40E, and the 
lateral direction was designated as 40F. As the result, the lateral 
direction of the drawing FIG 1 had no color mixing because of the 
directivity of the illumination device, and display of wide visual angle 



could be realized because of diffusivity at the upper light scattering layer 
11 . On the other hand, a wide visual angle display could be realized in 
the perpendicular direction of the drawing FIG. 1 , in spite of the 
illumination device had no directivity and the upper light scattering layer 
11 had no diffusivity in the perpendicular direction. 
[0057] 

Hitherto, the embodiments of the scattering layer having uniaxial 
or all azimuth direction scattering property and the liquid crystal display 
element having a visual angle dependency based on azimuth direction 
were explained. However, each of the above members can be used by 
combination of each other. In accordance with the present 
embodiments, a cholesteric layer was used as the embodiments of 
reflection type color selection layer and the reflection type polarized light 
selection layer, but as described in THE OPERATION, a dielectric multi- 
layered film, or any member operating same can be used. 

[0058] 

[Advantages of the invention] 

As explained above, in accordance with the present invention, in 
order to eliminate color mixing and unclearness, which become 
problems when improvement of light utilization efficiency is aimed at by 
using a reflection type color selection means and polarized light 
selection means, the color selection means is formed in a stripe shape, 
a directivity is provided at least a direction perpendicular to the stripe 
direction; preferably, visual angle characteristics can be improved by 
using an absorption type polarized light selection means and an 
absorption type color selection means, and clear display with a wide 
visual angle can be obtained by making light be diffused after 
transmitting through the liquid crystal display element only in the 
direction where the directivity is existed. 
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[Brief description of the drawings] 
[FIG. 1] 

A cross sectional view of the liquid crystal display device 
showing an embodiment of the present invention . 
[FIG. 2] 

A cross sectional view of the liquid crystal display device for 
explaining its operation. 
[FIG. 3] 

A cross sectional view of the liquid crystal display device for 
explaining its operation. 
[FIG. 4] 

A perspective view showing an embodiment of illumination 
device of the present invention. 
[FIG. 5] 

Across sectional view showing an embodiment of illumination 
device of the present invention. 
[FIG. 6] 

A perspective view showing an embodiment of illumination 
device of the present invention. 
[FIG. 7] 

A perspective view showing an optical member applied to the 
illumination device of the present invention. 
[FIG. 8] 

A perspective view showing an embodiment of illumination 
device of the present invention. 
[FIG. 9] 

A perspective view showing an optical member applied to the 
illumination device of the present invention. 
[FIG. 10] 
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Across sectional view showing an embodiment of illumination 
device of the present invention. 
[FIG. 11] 

Across sectional view showing an embodiment of illumination 
device of the present invention. 
[FIG. 12] 

A cross sectional view showing an embodiment of color liquid 
crystal display device of the present invention. 
[FIG. 13] 

Across sectional view showing an embodiment of color liquid 
crystal display device of the present invention. 
[FIG. 14] 

Across sectional view showing an embodiment of color liquid 
crystal display device of the present invention. 
[FIG. 15] 

A perspective view showing an optical member applied to an 
embodiment of color liquid crystal display device of the present 
invention. 

[FIG. 16] 

A perspective view showing an embodiment of color liquid 
crystal display device of the present invention. 
[FIG. 17] 

A perspective view showing an optical member applied to an 
embodiment of color liquid crystal display device of the present 
invention. 

[FIG. 18] 

A perspective view showing an embodiment of color liquid 
crystal display device of the present invention. 
[FIG. 19] 
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A perspective view showing an optical member applied to an 
embodiment of color liquid crystal display device of the present 
invention. 

[FIG. 20] 

A cross sectional view showing an optical member applied to an 
embodiment of color liquid crystal display device of the present 
invention. 

[FIG. 21] 

A graph showing one of characteristics of color liquid crystal 
display device of the present invention. 
[FIG. 22] 

A graph showing one of characteristics of color liquid crystal 
display device of the present invention. 
[FIG. 23] 

A graph showing one of characteristics of color liquid crystal 
display device of the present invention. 
[FIG. 24] 

A graph showing one of characteristics of color liquid crystal 
display device of the present invention. 
[FIG. 25] 

Across sectional view showing an embodiment of color liquid 
crystal display element of the present invention. 
[FIG. 26] 

Across sectional view showing an embodiment of color liquid 
crystal display element of the present invention. 
[FIG. 27] 

A perspective view showing an embodiment of color liquid 
crystal display element of the present invention. 
[FIG. 28] 
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[Name of document] Abstract of description 
[Abstract] 

[Issues] 

Aiming at improving light utilization efficiency by eliminating 
5 absorption loss by the polarized and color filter, problems such as 
unclearness of images, color change depending on visual angle, 
contrast decrease, and the others which are generated when a reflection 
type color selection means, and a reflection type polarized light selection 
means are applied are suppressed, and clear images will be obtained 
10 with wide visual angle. 

[Means to solve the problems] 

A liquid crystal display device comprising an illumination device 
which comprises a reflection type color selection means and a reflection 
type polarized light selection means: wherein the reflection type color 

15 selection means is made a stripe shape; the illumination device has a 
directivity at least in a direction intercrossing normally with the stripe; 
and an uniaxial light diffusing means having a diffusivity at least in a 
direction intercrossing normally with the stripe is arranged at displaying 
plane of a liquid crystal display element. Furthermore, the display 

20 mode is made to have a wide visual angle in the direction of the stripes. 
[Selected drawing] FIG 1 



